
F I N A L  R E P O R T  

City of Westminster  
Master Plan 

Prepared for 

City of Westminster 

August 2016 

 

CH2M HILL Engineers, Inc. 
9191 S. Jamaica Street 
Englewood, CO 80112 
 



AUGUST 5, 2016  PAGE 1 OF 4 

Abbreviations and Acronyms 
°C Degrees Celsius 

µg microgram 

ac Acute standard 

ACH Aluminum chlorohydrate 

ADD Average daily demand 

ASRF Air-scrub reverser filtration 

BAT Best available technology 

CCL Contaminant Candidate List 

CDPH California Department of Public Health 

CDPHE Colorado Department of Public Health and Environment 

CEC Contaminant of Emerging Concern 

CFE Combined filter effluent 

ch Chronic standard 

CIP Capital Improvement Plan, clean-in-place 

City City of Westminster 

CLUP Comprehensive Land Use Plan 

CPDWR Colorado Primary Drinking Water Regulations 

CPVC Chlorinated polyvinyl chloride 

CT Contact time 

DBP Disinfection byproduct 

DBPR Disinfection Byproduct Precursors Rule 

DM Daily maximum 

DMA Dimethylamine 

DNA Deoxyribonucleic acid 

DO Dissolved oxygen 

DOC Dissolved organic carbon 

DOM Dissolved organic matter 

DOVE Disinfection Outreach and Verification Effort 

EPA U.S. Environmental Protection Agency 

GAC Granular activated carbon 

gpm Gallons per minute 

HAA5 Haloacetic acids 
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HAN Haloacetonitriles 

HEC-FDA Hydrologic Engineering Center Flood Damage Reduction Analysis 

HMI Human-machine interface 

HMWMD Hazardous Materials and Waste Management Division 

HNM Halonitromethane 

hp Horsepower 

HRL Health Reference Level 

HRT Hydraulic retention time 

HSPS High service pump station 

HVAC Heating, ventilation, and air conditioning 

I&C Instrumentation and controls 

L Liter 

LRAA Locational running annual average 

LT2ESWTR Long Term 2 Enhanced Surface Water Treatment Rule 

MAU Make-up Air Unit 

MCC Motor control center 

MCL Maximum Contaminant Level 

MCLG Maximum Contaminant Level Goal 

MDD Maximum Day Demand 

MDBP Microbials and Disinfection Byproducts 

mg milligram 

MGD Million gallons per day 

MIB 2-methylisoborneol 

MTBE Methyl tertiary-butyl ether 

MWAT Maximum weekly average temperature 

NCI National Cancer Institute 

NDMA N-nitrosodimethylamine 

NF Nanofiltration 

NOM Natural organic matter 

NPDES National Pollutant Discharge Elimination System 

NPV Net present value 

NRC Nuclear Regulatory Commission 

NSDWR National Secondary Drinking Water Regulation 

NTU Nephelometric turbidity unit 

NWTF Northwest Water Treatment Facility 
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O&M Operation and maintenance 

ORP Oxidation reduction potential 

PAC Powdered activated carbon 

PCE Perchloroethylene 

PHG Public health goal 

PLC Programmable logic controller 

PPCPs Pharmaceuticals and personal care products 

psi Pounds per square inch 

R&R Repair and rehabilitation 

RAA Running annual average 

RCRA Resource Conservation and Recovery Act 

RO Reverse osmosis 

SCADA Supervisory Control and Data Acquisition 

SDWA Safe Drinking Water Act 

Sf Square foot, square feet 

Semper Semper Water Treatment Facility 

sMCL Secondary maximum contaminant level 

SOC Synthetic organic chemicals 

SU Standard unit 

SUVA Specific ultraviolet absorbance 

SWDA Safe Water Drinking Act 

SWTR Surface Water Treatment Rule 

T&O Taste and odor 

TCE Trichloroethylene 

TENORM Technologically Enhanced Naturally Occurring Radioactive Material 

THM Trihalomethane 

TM Technical Memorandum 

TMP Transmembrane pressure 

TOC Total organic carbon 

tot Total form 

Trec Total recoverable form 

TTHM Total trihalomethanes 

UCMR Unregulated Contaminant Monitoring Rule 

UFRV Unit filter run volume 

UQ Unimportant quantities 
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USGS U.S. Geological Survey 

UV Ultraviolet 

V Volt 

VOC Volatile organic compound 

WHO World Health Organization 

WQCC Water Quality Control Commission 

WQCD Water Quality Control Division of CHDPE 

WQP Water quality parameter 

WTP Water treatment plant 

WWTP Wastewater treatment plant 
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EXECUTIVE SUMMARY 
2015 WATER TREATMENT FACILITIES MASTER PLAN 

 
The 2015 Water Treatment Facilities Master Plan provides the City direction on: 

• The quantity of potable water required to meet future demands 

• The future of the Semper Water Treatment plant 

The key recommendation of the master plan is to retire Semper and build a new facility at a new location 
(location not yet determined). As a placeholder, this new treatment plant is often referred to as the 
Standley Lake Water Treatment Plant throughout the technical memorandums. In reality, Standley Lake is 
just one of many locations in a siting study that will be independently conducted outside of this Master Plan. 
Construction of the new facility should be done using a phased implementation approach over the next 
25 years. Initial construction is scheduled to begin in 2023 with the first phase online by 2025. Highlights of 
the master plan, methods used, and costs are listed below. 

Existing Facilities 

• The City owns and operates two potable water treatment facilities that supply water to customers. 
These are the Semper Water Treatment Facility (Semper) and the Northwest Water Treatment Facility 
(Northwest).  

• Semper uses a conventional treatment technology known as standard sand filtration. Northwest uses 
membrane filtration treatment. Membrane technology is especially good at treatment of challenging 
water quality events. 

• Semper is 47 years old with a significant number of its assets at or beyond their predicted  
useful lives.  

• Semper requires approximately $4M per year for near- and long-term repairs. These repairs are needed 
to maintain quality utility services. 

• Northwest is 15 years old and is in better condition than Semper.  

• Northwest requires approximately $1M per year to maintain the plant. This reinvestment is needed for 
basic upkeep. Significant changes to the plant are not anticipated.  

• Together the Semper and Northwest treatment facilities serve have served the City well. The plants 
provide high quality potable water. Absent of equipment failures, these plants provide water in the 
quantity needed to meet all potable water demands.  

• A recent citizen survey reported water quality as a primary concern. Water produced by the City’s plants 
meets citizen quality expectations.  
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Problem Statement Associated with Existing Facilities 

• The City’s plants do not have the firm capacity to meet established reliability goals, which require that 
maximum day potable water demand be met with the largest treatment train out of service. Additional 
treatment redundancy is needed to meet these goals now and in the future. 

• The Semper campus is too small to build new facilities without taking existing processes out of service. 
Taking processes out of service would reduce capacity to unacceptable levels. 

• Treatment challenges with the City’s source water are rising. The Semper plant cannot treat the 
projected quality of source water under future potable water demands. 

• In an emergency, the City cannot meet quantity and quality goals with the Semper plant. Emergencies 
include a fire in the watershed or long-term use of canal water (i.e., during times when Standley Lake or 
the outlet works must be taken off-line). 

The Master Plan for Meeting the City’s Potable Water Treatment Goals 

• Retire Semper and build a new facility at a new location. Implementation will be phased over 25 years. 
Begin initial construction in 2023 with the first phase placed in service by 2025. The Northwest facility is 
maintained in its current condition. 

• A new plant at a new location has the highest benefit to the City. Six non-monetary criteria determined 
the benefits.  

• A new plant at a new location has the lowest lifecycle cost. 

• A new plant at a new location has the best cash flow near- and long-term. The favorable cash flow 
comes from phased implementation and using Semper as long as reliably possible. 

• Phasing the new plant provides use of the full value of the Semper plant. The City will continue to use 
Semper for many years until reliability is an issue. At that time, the plant will be retired. 

• When it is retired, the Semper land will be repurposed in alignment with the new Downtown vision. 

• A sensitivity analysis was performed on cost estimates and the benefits. These efforts confirmed that a 
new plant at a new location is the best master plan alternative (see Figure 1).  

Key Next Steps for the City to Implement 

• Move forward with planning for the new water treatment facility. 
• Perform a siting study in 2018 for the specific best location of a new plant. 
• Pilot test in 2019 to confirm the best treatment processes for the new plant and appropriate design 

criteria. 
• Continue annual repairs at Semper to keep it running successfully for 25 years. No improvements to 

Semper will be made. 
• Perform utility financial planning consistent with this Master Plan. The financial plan should target the 

cash flow shown in Figure 2. 
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Figure 1. Benefit and Cost Summary for Each Water Treatment Location Alternative 

 

 
Figure 2. Utility Financial Planning Cash Flow 
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Westminster Master Plan Project Summary 
PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

 

Master Plan Summary 
The 2015 Water Treatment Facilities Master Plan evaluated the full scope of City of Westminster (City) 
treatment processes, including the existing conditions of both Semper Water Treatment Facility (Semper) 
and Northwest Treatment Facility (NWTF), and the raw and source water quality of Standley Lake. This 
technical memorandum provides the City of Westminster direction on: 
• The quantity of potable water required to meet future demands 

• The future of the Semper Water Treatment Plant 

The key recommendation of the Master Plan is to retire Semper and build a new facility at a new location 
(location not yet determined). As a placeholder, this new treatment plant is often referred to as the 
Standley Lake Water Treatment Plant throughout the technical memorandums. In reality, Standley Lake is 
just one of many locations in a siting study that will be independently conducted outside of this Master Plan. 
Construction of the new facility should be done using a phased implementation approach over the next 25 
years. Initial construction is scheduled to begin in 2023 with the first phase online by 2025.  
Key take-home messages from this Master Plan are as follows:  
• The condition of the existing treatment facilities as they stand today is not the main driver of the 

recommendation of a new treatment facility at a new location. 
• The existing water treatment facilities do not meet the City’s potable water demand reliability goals now 

and the problem will worsen as increased growth occurs within the service area.  
• The footprint is not adequate to expand existing facilities to meet potable water demand reliability goals 

now and in the future. A new water treatment plant is required for all viable alternatives. 
• Cost is not a significant differentiator between water treatment location alternatives evaluated in this 

Master Plan.  
• Retiring Semper in 2040 and phasing in a newly constructed facility at a new location provides the City 

with the greatest non-monetary benefit. 

This Master Plan Project evaluated: 
• Existing raw water quality  
• Existing condition of Semper Water Treatment Facility  
• Existing condition of Northwest Treatment Facility  
• Existing and future potable demands 
• Anticipated future raw water quality 
• Anticipated future drinking water regulations 
• Benefits of the existing Watershed Protection Program 
• Benefits of different alternatives 
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• Near-term costs of different alternatives 
• Net present worth of different alternatives through 2065 

As described below and in the Technical Memoranda (TM) presented in Sections 2 through 11, the City will: 
• Construct additional treatment at a new location to be online in 2025 
• Retire Semper in about 2040 
• Maintain Northwest through 2065 (end of the study period) 

Based on cost-benefit and non-monetary analyses, the Master Plan recommends that Semper be retired by 
2040 after a water treatment plant at a new location is brought online. To reduce the risk of disrupting 
service, a phased implementation approach over 25 years is recommended. Construction is scheduled to 
begin in 2023, with the first phase of treatment in service by 2025. This recommendation provides the City 
with the highest amount of flexibility to reach its potable demand reliability goals. This recommendation 
also reduces the complexity of construction sequencing and minimizes cost over the long term. 

Details and reasoning behind these recommendations are described in this and the following TMs. 

Project Objective 
The City of Westminster owns two drinking water treatment facilities. Semper, a conventional dual-media 
filtration plant, is aging with much of the plant at or near the end of useful life. NWTF, a significantly newer 
plant in good condition, uses membrane technology.  

The City has historically produced high-quality drinking water and has consistently met customer potable 
water demands. However, the City does not currently meet potable water demand reliability goals and the 
ability to continue providing high-quality drinking water, i.e., water that is compliant with changing 
regulations and at sufficient quantity, requires changes to existing treatment plants. The City currently 
invests $4 million annually in the aging Semper plant to maintain the ability to produce water, but this 
investment fails close the reliability gap. This Master Plan was developed to identify where and how to 
produce the required amount of drinking water through 2040 and beyond to meet the City’s potable water 
demand reliability goal. 

Challenges with Meeting City Goals  
This Master Plan provides guidance on meeting future challenges in quantity and quality. Estimated buildout 
water max day demand (MDD) for potable water is 57 MGD. With regard to potable water demand, the 
City’s reliability goal is to meet the potable water demand with the largest treatment train out of service. 
The City does not currently meet reliability goals. The City will not meet reliability goals at buildout without 
additional capacity. 

The City has established water quality goals that meet or exceed current drinking water regulations. Semper 
may not meet the City’s water quality goals under future conditions. Raw water quality may degrade from 
decomposition of dead trees resulting from beetle kill and forest fires. Raw water quality is also more 
challenging when using the Standley Lake bypass as compared to the lake and threatens finished water 
quality. When the plant operates under higher flows, consistent high finished water quality will be harder to 
maintain. This City will need to continue to monitor the source water, plant flows and finished water quality 
closely to anticipate treatment requirements and to plan for future treatment modifications. 

Semper is constrained physically. Construction of new facilities at Semper can occur only by taking one of 
the two trains out of service. The City cannot meet current maximum potable water demands with one train 
out of service. For example, if in an emergency one of the trains at Semper needs to be taken offline 
unexpectedly during the summer months, the City cannot meet current max day potable water demand.  
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The Semper campus is too limited to build new facilities without taking existing processes out of service, 
which would reduce capacity and compound the challenge of meeting the City’s potable water demand 
reliability goals. Additional capacity is required to be constructed at a different location. 

Current City of Westminster Water Portfolio 
Basic information for each City water treatment facility is summarized in Table 1 and presented graphically 
in Figure 1.  

Table 1. Westminster Water Treatment Facility Characteristics 

 Semper NWTF 

Age 47 years old; a significant number of its assets at or 
beyond their predicted useful life 

15 years old; NWTF is in better condition 
than Semper 

Treatment Approach Uses conventional dual-media (granular sand and 
anthracite) filter treatment technology 

Uses membrane filtration treatment 
technology 

Nameplate Treatment 
Capacity1 

44 MGD 15 MGD  

Firm Capacity2 (largest 
train out of service) 

22 MGD 15 MGD 

Annual Maintenance 
Costs 

Requires approximately $4M per year for near- and 
long-term for repairs to maintain services 

Requires approximately $1M per year for 
basic upkeep 

1The City’s storage tanks and pump stations are used to meet peak hour potable water demands. Treatment facilities are sized to 
meet max day potable water demands. 

2City direction is that NWTF can run for at least 4 weeks in the summer in direct filtration mode (e.g. bypassing floc/sed) at NWTF. As 
a result, the floc/capacity does not dictate the “firm” capacity of the NWTF. The plant is not intended to be run at its total capacity 
on a sustained basis because NWTF is limited by pretreatment and winter temperatures. 

Originally, NWTF was designed as a peaking plant only. As shown in Figure 1, the facility has a single raw 
water pipeline, which conveys water from Standley Lake to the facility. Semper has two parallel raw water 
pipelines.  
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Figure 1. City of Westminster Current Water Treatment Infrastructure 

Potable water demand in the City is expected to grow consistently. Table 2 displays existing potable water 
demand (both average and maximum daily demand) and estimated future demand. 

Table 2. Westminster Water Treatment Facility Characteristics 

Scenario 
Average Daily Demand (ADD) 

(MGD) 
Max Daily Demand (MDD) 

(MGD) 

Existing (2015) 20.0 42.2 

2025 22.3 48.0 

2030 23.5 50.5 

2035 25.1 53.9 

2040 (Buildout) 26.6 57.2 

 

Challenges with Current Treatment Process 
Challenges to the existing City water treatment facilities are becoming more apparent. These challenges 
affect the facilities singularly and collectively. 

Potable Water Demand 
As shown above, potable water demand estimates are projected to increase as the City reaches buildout. 
The current structure of the City’s water treatment plants do not meet established potable water demand 
reliability goals. Current MDD is about 42 MGD and has held steady despite population increase. Current 
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firm capacity is 37 MGD (22 MGD at Semper with one train out of service and 15 MGD at NWTF), an 
approximate 14 percent shortfall. This firm capacity shortfall will increase to 35 percent by 2040 if capacity is 
not increased. 

Quantity is one part of potable water demand. Source water quality is the other. The citizens of 
Westminster are accustomed to high-quality potable water, and a recent citizen survey reported water 
quality as a primary concern. The City maintains a minimum goal of attaining compliance with Safe Drinking 
Water Act (SDWA) requirements. The City also has established a goal to meet or exceed the Partnership for 
Safe Water goals.  

Source water quality can be erratic, resulting in rising treatment challenges. The Semper plant may not be 
able to treat the projected quality of source water under potential conditions, such as a wildfire upstream of 
Standley Lake, at max demands closer to its rated capacity of 44 MGD. Semper also may not meet water 
quality goals using water directly from Farmer’s Highline Canal during an emergency or under challenging 
watershed conditions such as those following forest fires. 

Future Regulations 
At current flows, the City’s treatment plants produce high quality water that meets or exceeds existing 
regulations. Changing source water quality and potential future regulations may cause challenges.  
Within source water, forest fires and decay of dead trees resulting from beetle kill may increase compounds 
in the source water that will lead to algae growth and degrade source water quality. The City can treat 
current levels of these compounds with current processes; however, the City should continue to monitor the 
source water closely to identify upcoming treatment requirements and plan for future process 
improvements.  
A number of compounds are being considered for future regulation. The City should continue to monitor 
water quality throughout the watershed and stay current on the regulatory climate as it pertains to new 
compounds.  

Inability to Increase Capacity at Current Plants 
In the future, the City will need to add treatment processes to meet upcoming water quantity, water quality, 
and future regulation requirements. Neither Semper nor NWTF have the space at their current sites to add 
treatment processes. To add treatment processes at Semper, current processes would have to be torn 
down. The construction phase would exacerbate reliability and capacity issues, such that existing potable 
water demands could not be met.  

Impact of the Watershed Protection Program 
The City of Westminster participates in the Clear Creek and Standley Lake Watershed Agreement regarding 
water quality protection of the upper Clear Creek watershed and Standley Lake. The goal of the Watershed 
Protection Program is to protect both of these resources as a water supply for more than a quarter million 
people and to maintain Clear Creek as an aquatic and recreational resource. Concepts addressed in the 
program requirements include:  
• Water-Quality Monitoring  
• Water-Quality Policy, Planning, and Management 
• Water Quality Best Management Practices (including supporting efforts by permitted wastewater 

treatment works to reduce nutrient loads to Clear Creek)  
• Funding Water-Quality Related Actions 

Participation in the Watershed Protection Program offers a number of benefits, including non-monetary 
(e.g., increased citizen education and stakeholder involvement) and financial benefits to the City. As a result 
of the water quality benefits (i.e., reduced nutrient load) from the Watershed Protection Program, the City 
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does not need to regularly treat water for taste and odor at Semper. To quantify the benefit of this avoided 
treatment, an order-of-magnitude conceptual cost estimate was completed based on what it would take to 
implement taste and odor control at each plant today. If a fully operational Powered Activated Carbon (PAC) 
facility for taste and odor control were implemented for seasonal use at Semper, this could cost $1.9 million 
in construction cost, as much as $300,000 per year in operation and maintenance costs, and about $74,000 
per year in PAC solids disposal costs (2015 dollars).  

Often, the abrasive nature of PAC is too damaging to membrane filtration systems to be considered at 
treatment plants like NWTF. However, PAC is permitted in the Pall Microza membrane filtration system 
though operational modifications (excess recirculation) may be required depending on the carry-over in the 
settled water. The cost of a PAC facility at NWTF would be around $1.2 million dollars to construct, $118,000 
per year in operations and maintenance, and an estimated $17,000 per year for PAC solids disposal. 
Participation in the Watershed Protection Program saves the City in terms of both capital and ongoing 
operational cost each year.  

Alternatives Considered for New Water Treatment Portfolio 
Four water treatment portfolio alternatives were developed and evaluated as part of this Master Plan. 
Alternative 1, refurbish existing facilities only, was immediately eliminated because this alternative would 
not meet the City’s potable water demand reliability goals. Due to the size and configuration of the existing 
drinking water treatment facilities and the fact that no additional footprint remains for expansion at either 
location, a new water treatment plant is required for all viable master plan alternatives. The remaining 
alternatives are as follows:  
• Alternative 2 – Maintain Semper, Maintain NWTF, New WTP 
• Alternative 3 – Improve Semper, Improve NWTF, New WTP  
• Alternative 4 – Retire Semper, Improve NWTF, New WTP 
• Alternative 5 – Retire NWTF, Improve Semper, New WTP 

A redundant pipeline to NWTF would increase reliability, so Alternatives 3 and 4 were each split into two 
sub-alternatives to accommodate inclusion of the redundant pipeline as an option. Alternatives 3a and 4a 
include the redundant pipeline, while Alternatives 3b and 4b do not. 

Figure 2 presents the criteria used to evaluate the various alternatives as well as the Net Present Value 
(NPV) of each alternative. Alternatives 4a and 4b were the highest scoring alternatives; 4a had a slightly 
higher score due to the increased reliability associated with the parallel raw water pipeline. Alternative 4b 
had the lowest NPV Cost. Generally, the cost estimates for Alternatives 2, 3, and 4 were relatively close and 
practically indistinguishable given the high-level conceptual nature of the cost estimates. Therefore, NPV 
was not a differentiator in the outcome of this assessment. 
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Figure 2. Comparison of Alternatives 

Preferred Alternative  
Alternative 4b: Retire Semper, Improve NWTF, Phase in Large New WTP was selected as the preferred 
alternative. This alternative has the lowest lifecycle cost and provides significant benefit to the City by 
retaining the use of the existing WTPs while the new plant is designed and constructed, enhancing the City’s 
cash flow in both the near and long term (see Figure 3). For the incremental increase in non-monetary 
benefit in terms of reliability, the City may opt to construct a parallel raw water pipeline for NWTF, but that 
decision can be deferred until a later date. Semper will continue to provide the City with high-quality water 
until the new WTP is phased in at buildout capacity, at which time the plant will be retired. This allows the 
City to utilize the full value of Semper before retiring the plant. At retirement, the Semper site will be 
repurposed in alignment with the new Downtown Westminster vision. Figure 4 represents the buildout of 
this alternative and assumes Standley Lake as the potential site for the new plant as a placeholder.  
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Figure 3. Alternative Cash Flow 

 

 
Figure 4. Selected Alternative at Buildout 

Initial Siting Study 
Subsequent to this Master Plan, a preliminary siting study will be conducted to select a preferred location 
for the new plant. Figure 5 identifies potential sites that may be included in the siting study. These locations 
will be refined and further vetted as part of the siting study that is anticipated to occur in 2018 in 
accordance with the Master Plan schedule.  
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Figure 5. Initial Locations for Siting Study 

Schedule  
• The new treatment facility will be constructed in two phases over 25 years. Construction will begin in 

2023, with the first 14 MGD placed in service in 2025. The second phase (buildout) of the new WTP will 
begin in 2038 with completion scheduled for 2040 bringing the total treatment capacity for the City to 
71 MGD. 

• The timeline presented in Figure 5 illustrates the key steps for implementation of the preferred 
alternative.  



WESTMINSTER MASTER PLAN PROJECT SUMMARY 

PAGE 10 OF 10 AUGUST 5, 2016 

 
Figure 6. Preferred Alternative Timeline 

New WTP at 
New Location 

          NWTF                          Semper 
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Level-of-Service Goals  
PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

 

Introduction  
This technical memorandum (TM) comprises two sections. The first is a copy of a City of Westminster 
(City) memo that establishes potable water demand reliability goals for the Water Treatment Facility 
Master Plan. The second section discusses water quality goals under various conditions. 

Potable Water Demand Reliability Goals 
The City memo documenting the City’s potable water demand reliability goals is presented as the 
attachment to this TM. 

Water Quality Goals 
Water quality goals specify the quality of treated water required under various likely failure scenarios at 
the Semper Water Treatment Facility (Semper) and the Northwest Water Treatment Facility (NWTF). 
Defining these goals: 
• Provides the City with  

− Documentation behind decision-making with regard to the Master Plan and the Capital 
Improvement Plan (CIP) list of priorities generated as part of the Master Plan 

− A common understanding among utility staff of the end-product expectations 
− A forum for discussion, as a utility, for minimum level of service 
− A framework for decision-making 

• Mitigates the risk of  
− The Master Plan chasing paths that are not part of the City’s and CH2M’s common mission 
− The City and CH2M not unified as a team on the end product 
− Excess discussions that impact the schedule 

• Influences the following  
− Proposed treatment processes 
− Ability of existing plants to provide future treatment 
− Cost of alternatives 
− Proposed roadmap for near-term improvements/repairs/replacement 

The goals listed in the City memo (presented in the attachment) were used to develop alternatives in 
the 2015 Water Treatment Facilities Master Plan and when evaluating the capacity and condition of 
Semper and NWTF. 
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The minimum goal for all parameters is meeting Safe Drinking Water Act (SDWA) requirements. For 
many parameters, the City has set goals of exceeding SDWA by a large margin for the better part of 
living memory. Reasons for exceeding SDWA include: 
• Customers have come to expect high-quality water with no taste and odor issues. 
• Customers have a high degree of confidence in the City’s produced water because of historic high 

quality. 
• Setting goals for normal operations at a high bar provides some flexibility under abnormal and 

unusual conditions to still meet SDWA. 
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ATTACHMENT 

City of Westminster Memorandum: 
Water Quality Goals for the  

Water Treatment Facility Master Plan 
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MEMORANDUM 
 

 
TO:  Tom Scribner, Mark Miceli, Mary Fabisiak, Cathy Shugarts, Mike Happe, Stephen Gay, 

Stephen Grooters 
CC:  Kerry Meyers, CH2MHill 
FROM:  Mary Stahl 
DATE:  August 10, 2015 
SUBJECT: Water Quality Goals for the Water Treatment Facility Master Plan 
 

Memo Purpose 

• Finalize water quality goals for the Water Treatment Facility Master Plan. 

Purpose of Water Quality Goals 

Final water quality goals will provide direction during the development of alternatives for the Water 
Treatment Facilities Master Plan. These goals will influence the following: 

• Proposed treatment processes 
• Ability of existing plants to provide future treatment 
• Costs of alternatives 
• Proposed road map for near term improvements/repairs/replacement 

Background  

Defining these goals provides: 

• Documentation behind decision making with regards to treatment processes. 
• Provides us, as a utility, with a common understanding of our end product. 
• Provides a forum for discussion, as a utility, as to where we should be with regards to our end 

product. 
• Provides a framework for decision making. 

Without defining our end goals, we run the following risks: 

• The Master Plan can end up chasing paths that are not part of our common mission. 
• We are not unified as a team on our end product. 
• We end up with a master plan that is less cost-effective 
• Excess discussions that impact schedule. 
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The goals in the table below are the goals to be used for developing alternatives in the 2015 Water Treatment 
Facilities Master Plan. These goals are also to be used for evaluating the Semper and NWTF. 

The minimum goal for all parameters is meeting SDWA. For many parameters, the City has exceeded SDWA 
by a large margin for the better part of living memory. Reasons for exceeding SDWA include: 

• Customers have come to expect high quality water with no taste and odor issues. 
• Customers have a high degree of confidence in the City’s produced water because of historic high 

quality. 
• Setting goals for normal operations at a high bar provides some flexibility under abnormal and unusual 

conditions to still meet SDWA. 
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Parameter 

Goal (Near-Term and Future unless Otherwise Noted) at Maximum Day Production 

Normal Operations 
Standley Lake Bypass 

Operations Fire in Watershed 
Other Exceptional 

Operations* Rationale 

Primary MCLs 

Microorganisms 

  LT2 Meet greater log 
removal than required 
by Bin classification  

Meet greater log 
removal than required 
by Bin classification  

Meet log removal 
required by Bin 
classification 

Meet log removal 
required by Bin 
classification 

Current treatment provides log removal greater 
than required through longer chlorine contact 
time. Having additional log removal built into the 
system provides flexibility and redundancy during 
exceptional operations. 

  Filter Backwash Rule Recycle to head of 
plant 

Recycle to head of 
plant 

Recycle to head of 
plant 

Recycle to head of 
plant 

Continue practicing good stewardship of raw water 
resources. 

  Turbidity – Combined  
  Filter Effluent 

Partnership Regulatory 

Semper: < 1.0 NTU 
and < 0.3 NTU, 95% of 
samples 

NWTF: < 0.1 NTU 

Regulatory 

Semper: < 1.0 NTU 
and < 0.3 NTU, 95% of 
samples 

NWTF: < 0.1 NTU 

Regulatory 

Semper: < 1.0 NTU 
and < 0.3 NTU, 95% of 
samples 

NWTF: <0.1 NTU 

In general, both plants already meet Partnership 
goals; there is no desire or need to relax the 
standard of treatment. 

The NWTF goal is mandated by the Colorado 
Department of Public Health and Environment 
(CDPHE). 

  Turbidity – Individual  
  Filter Effluent 

Partnership 

Semper: < 0.1 NTU 

NWTF: < 0.1 NTU 

Partnership 

Semper: < 0.1 NTU 

NWTF: < 0.1 NTU 

Partnership 

Semper: < 0.1 NTU 

NWTF: < 0.1 NTU 

Partnership 

Semper: < 0.1 NTU 

NWTF: < 0.1 NTU 

In general, both plants already meet Partnership 
goals; there is no desire or need to relax the 
standard of treatment. 

The NWTF goal is mandated by CPDHE. 

Disinfection and Disinfection Byproducts 

  Stages 1 & 2 TTHM LRAA  
< 0.060 mg/L 

HAA5 LRAA  
< 0.04 mg/L 

Chloramines  
1.0-1.5 mg/L 

TTHM LRAA  
< 0.080 mg/L 

HAA5 LRAA  
< 0.06 mg/L 

Chloramines  
< 4.0 mg/L as Cl2 

TTHM LRAA  
< 0.080 mg/L 

HAA5 LRAA  
< 0.06 mg/L 

Chloramines  
< 4.0 mg/L as Cl2 

TTHM LRAA  
< 0.080 mg/L 

HAA5 LRAA  
< 0.06 mg/L 

Chloramines  
< 4.0 mg/L as Cl2 

Current DBPs are well under regulations. Designing 
for lower levels provides flexibility in exceptional 
operations. 
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Parameter 

Goal (Near-Term and Future unless Otherwise Noted) at Maximum Day Production 

Normal Operations 
Standley Lake Bypass 

Operations Fire in Watershed 
Other Exceptional 

Operations* Rationale 

  TOC All plants – capable of 
additional treatment 
to avoid enhanced 
coagulation 

All plants – capable of 
additional treatment 
to avoid enhanced 
coagulation 

All plants – capable of 
additional treatment 
to avoid enhanced 
coagulation 

All plants – capable of 
additional treatment 
to avoid enhanced 
coagulation 

Increasing TOC concentration in Standley Lake may 
necessitate additional treatment to continue 
avoiding enhanced coagulation. 

Under a fire event, the ability to perform 
additional treatment to continue avoiding 
enhanced coagulation may be needed. 

Additional treatment capability will provide 
flexibility for all operations. 

  Multiple Barriers  
   Approach 

≥ 4 barriers ≥ 3 barriers ≥3 barrier ≥3 barrier Barriers include watershed protection, sed basins, 
filters/membranes, pre-oxidation, disinfection, and 
performance standards. 

Potential reduction would likely come from 
reduction in watershed protection, reduction in 
performance standards, or less effective sed 
basins. 

Additional barriers could include pre-
sedimentation basin. 

For both existing plants, filter/membrane and 
disinfection are non-negotiable barriers. 

Inorganics 

  All except those listed 
below 

70% of SDWA SDWA SDWA SDWA Historically, inorganics are not at high levels in the 
raw water and do not need to be targeted for 
treatment. 

  Fluoride 0.7 mg/L 0.7 mg/L 0.7 mg/L 2.0 mg/L Fluoride is naturally occurring in Standley Lake 
source waters, but can be partially removed via 
coagulation. Fluoride will not be added now or in 
the future. 
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Parameter 

Goal (Near-Term and Future unless Otherwise Noted) at Maximum Day Production 

Normal Operations 
Standley Lake Bypass 

Operations Fire in Watershed 
Other Exceptional 

Operations* Rationale 

  Copper 70% of SDWA SDWA SDWA SDWA Lead and copper do not need to be targeted for 
sequestration or treatment beyond current 
practices to be well within the Lead and Copper 
rule.  

Continuing to maintain a non-corrosive water 
through alkalinity and pH is the treatment goal. 

The source of copper at Big Dry Creek Wastewater 
Treatment Facility (505 or more) is root killer so 
additional sequestration is not anticipated to be of 
meaningful benefit. 

Organics 50% of SDWA SDWA SDWA SDWA Historically, organics are not at high levels in the 
raw water and do not need to be targeted for 
treatment. 

Radionuclides 

  Radionuclides SDWA SDWA SDWA SDWA Historically, radionuclides are not at high levels in 
the raw water and do not need to be targeted for 
treatment. 

  TENORM Regulatory limits SDWA SDWA Regulatory limits  

Secondary MCLs 

Manganese 0.03 mg/L 0.03 mg/L 0.03 mg/L 0.03 mg/L Manganese is an aesthetic issue but also a known 
issue with Standley Lake. Removal of manganese is 
all or nothing and is relatively easy to accomplish 
with permanganate. 

pH 8.0-9.0 8.0-9.0 6.5-9.0 6.5-9.0 Currently, the City has an exemption to allow pH 
up to 9.0 to aid in disinfection/residual 
disinfection. 
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Parameter 

Goal (Near-Term and Future unless Otherwise Noted) at Maximum Day Production 

Normal Operations 
Standley Lake Bypass 

Operations Fire in Watershed 
Other Exceptional 

Operations* Rationale 

Odor No specific treatment No specific treatment No specific treatment No specific treatment Odor has historically been minimized through 
watershed protection and maintaining a positive 
ORP (i.e., pre-oxidation). 

Watershed protection and positive ORP will 
continue to be the treatment goal. “Treatment” 
for geosmin and MIB will continue to be watershed 
protection and lake management. 

Color 0 color units 5 color units 5 color units 5 color units 15 color units is the secondary standard. Maintain 
aesthetic qualities that have been historically 
produced. 

Corrosivity 

  Alkalinity Stable Water in 
Distribution System  

Stable Water in 
Distribution System  

Stable Water in 
Distribution System  

Stable Water in 
Distribution System  

 

  Langlier Saturation  
  Index 

0.1-0.3 0.1-0.3 0.1-0.3 Slightly Positive Maintain slightly depositing calcium carbonate for 
protection of pipes and sequestration of lead and 
copper. 

Non-Regulatory Treatment Goals 

Settled Water Turbidity Semper: Partnership 
NWTF: < 2 NTU 

New plant: Partnership 

Semper: < 2.0 NTU 
NWTF: < 2.0 NTU 

New Plant: < 2.0 NTU 

Semper: < 2.0 NTU 
NWTF: < 2.0 NTU 

New Plant: < 2.0 NTU 

Semper: < 2.0 NTU 
NWTF: < 2.0 NTU 

New Plant: < 2.0 NTU 

Partnership goals have been met at Semper for 
many years. Partnership goals are met at NWTF 
except under high flows. Any new plant should 
meet Partnership goals under normal water quality 
and max flow. 

Meeting Partnership goals under normal water 
quality conditions provides flexibility for unusual 
conditions. 

The NWTF is permitted for direct filtration and 
thus the sedimentation basins are not required for 
treatment. 

Unit Filter Run Volume Semper: 8,000 UFRV 
and 40 hours 

Semper: 8,000 UFRV 
and 40 hours 

Semper: 8,000 UFRV 
and 40 hours 

Semper: 8,000 UFRV 
and 40 hours 

Draft goal under review during publication of this 
Master Plan. 
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Parameter 

Goal (Near-Term and Future unless Otherwise Noted) at Maximum Day Production 

Normal Operations 
Standley Lake Bypass 

Operations Fire in Watershed 
Other Exceptional 

Operations* Rationale 

Filter-to-waste Future: Semper: 
Capable  

Current: NWTF: 
Capable 

New Plant: Capable 

Future: Semper: 
Capable  

Current: NWTF: 
Capable 

New Plant: Capable 

Future: Semper: 
Capable  

Current: NWTF: 
Capable 

New Plant: Capable 

Future: Semper: 
Capable  

Current: NWTF: 
Capable 

New Plant: Capable 

All plants should have the capability to provide for 
operational flexibility under normal and unusual 
water quality. 

Future Regulations 

Contaminants of 
Emerging Concern 
(CECs) 

Semper/NWTF: No 
planning 

New Plant: Provide 
ability to add 
treatment process 

Semper/NWTF: No 
planning 

New Plant: Provide 
ability to add 
treatment process 

Semper/NWTF: No 
planning 

New Plant: Provide 
ability to add 
treatment process 

Semper/NWTF: No 
planning 

New Plant: Provide 
ability to add 
treatment process 

Flexibility in the hydraulic profile and sufficient 
space will provide a safety factor for future 
regulations. 

At the existing plants, can’t really plan with the 
hydraulic grade line already set, but this will be 
addressed in the risk analysis. 
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Potable Water Demand Estimates 
PREPARED FOR: City of Westminster   

PREPARED BY: CH2M 

DATE: August 5, 2016 

 

Purpose and Outcomes 
The purpose of this technical memorandum (TM) is to provide the City of Westminster (City) with potable 
water demand estimates for use as the basis of the Master Plan. These estimates were based on data 
provided by the City including the following:  
• Historical and current system average day and maximum day potable demand 
• Current and future zoning 
• General locations of estimated existing and future potable demands 

The key outcomes from this TM are current and future potable demand estimates as well as peaking factors.  

Introduction and Background  
The City continues to grow with the rest of the Colorado Front Range. Vitally located between Denver and 
Boulder has, in the past, made the City a suburb of both. However, the City is now focusing on becoming the 
next urban center on the Front Range, beginning with the construction and development of Downtown 
Westminster on the site of the former Westminster Mall. In addition to the intersection of a highway and 
large north-to-south transportation corridor—U.S. 36 and Sheridan Boulevard—this location is central to 
major transit corridors and bikeways. The growth that the City desires, as well as the type of growth that 
includes parks and greenways, must be supported by adequate utility facilities. 
• The current and future potable water demands developed herein will provide the basis for the sizing and 

phasing plan for City’s future water treatment infrastructure identified in the Alternatives Development 
TM.  

• The future redevelopment projects presented here will be considered in identifying the best location for 
the City’s future water treatment plant locations. Any potential advantages and disadvantages to 
maintaining treatment in the existing locations is captured in the Non-Monetary Criteria TM.  

Historical Potable Water Demands  
The daily potable water demand from 1988 through July 2015 is shown in Figure 1. The annual average daily 
demand (ADD) for potable water was calculated for each year by averaging the daily potable water demand 
values of each day. Similarly, the maximum daily demand (MDD) was selected as the maximum value of the 
total daily potable water demand values reported during that calendar year. Note that, for 2008 and 
beyond, these daily values reflect potable production only. Data collected prior to 2008 included the 
reclaimed water demands and therefore are not the most reliable data set for predicting future potable 
water demand. The highest MDD reported during the time period characterized in Figure 1 was 44.7 MGD in 
July 2001. The highest annual ADD reported during the same time period was 20.0 MGD in 2006.  



POTABLE WATER DEMAND ESTIMATES 

PAGE 2 OF 7 AUGUST 5, 2016 

 
Figure 1. Historical Citywide Potable Demand 

The data from Figure 1 were used to further characterize the ratio of max-to-average day potable water 
demand. The annual MDD values divided by the respective ADD values were calculated over time and 
graphed as shown in Figure 2.  

 

 
Figure 2. Historical Max Day to Average Day Potable Water Demand Ratios 

 
The Max Day-to-Average Day potable water demand ratio has decreased since the reporting period began in 
1988. This decrease is consistent with what many Front Range utilities have reported. Likely reasons for the 
decrease in max-to-average day potable water demands include the following:  

44.7

20.0

0

5

10

15

20

25

30

35

40

45

50

1985 1990 1995 2000 2005 2010 2015 2020

Po
ta

bl
e 

W
at

er
 D

em
an

d 
(m

gd
)

Year

Max Day

Average Day

R² = 0.1004

0.00

0.50

1.00

1.50

2.00

2.50

3.00

1985 1990 1995 2000 2005 2010 2015 2020

M
ax

 D
ay

: A
vg

 D
ay

Year

Linear (2005-
2014)



POTABLE WATER DEMAND ESTIMATES 
 

AUGUST 5, 2016 PAGE 3 OF 7 

• Education by the City of Westminster and other metro water providers has resulted in reductions in 
irrigation, primarily the reduction to two to three days per week. Prior to the 2002 drought, irrigation 
tended to occur more frequently. 

• A sizeable portion of the irrigation demand has been moved from the potable system to the reclaimed 
system, reducing outdoor use/demand on the treatment plants. 

• Increased densification has resulted in less landscape. 
• Planning regulations require more efficient landscapes with zoning for high, medium and low water use 

plants.  
• New development must undergo sprinkler audits, ensuring efficient systems. 
• Automatic sprinkler systems water a regular schedule which can reduce the peak to average ratio 

compared to manual watering that more often occurred on the weekends only and during times when 
the irrigation requirement was higher.  

Based on the trend of a decreasing max-to-average day ratio, the last decade of data was selected for 
calculation of a peaking factor.  

Table 1. Peak Factor Data (2005-2014) 

Average Max Day Potable Water Demand 37,712,000 

Average Day Potable Water Demand 17,633,000 

Max-to-Average Day Ratio Calculated 2.14 

Max-to-Average Day Ratio for Master Plan 2.15 (rounded) 

 

The trend in decreasing max-to-average day peaking factors may continue before the trend levels off or the 
City may have reached the point of diminishing returns with regard to customer water use behavior 
modifications that favor lower peaking factors. However, for the purpose of this Master Plan, the calculated 
peaking factor is assumed to be consistent from now until buildout. The calculated max-to-average day peak 
factor was rounded to 2.15 for use throughout this Master Plan.  

Peak Hour Potable Water Demand 
The City has system storage that is used to address peak hour potable water demand. For the purpose of 
this Master Plan, peak hour data were not used to establish sizing for water treatment locations.  

Winter Potable Water Demand/Seasonal Trends 
The City’s potable water Demand Reliability Goals characterized in the Level of Service TM were established 
based on potable water ADD and MDD. As shown in Figure 3, the winter potable water MDD follows the 
pattern of the potable water ADD. For Master Planning purposes, potable water ADD was selected as a 
design condition over winter design flows. Using potable water ADD conservatively addresses both winter 
potable water MDD conditions and year-round potable water ADD requirements. Future facility turndown 
and specific equipment sizing to address lower winter flows can be evaluated during subsequent phases of 
work. This charter of this Master Plan was to determine what future water treatment locations and 
approximate capacity would be required to meet the City’s potable water demand reliability goals. 
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Figure 3. Historical Citywide Potable Winter ADD and MDD 

Water Projections 
Estimating build-out potable water demand was performed by City staff using information on land 
throughout the City that will likely experience: 
• New development 
• Redevelopment 
• Change from underutilization to full utilization 

In addition, conservation from changes in fixtures and improvements in landscaping as well as customer 
behavior was included. 

The Comprehensive Land Use Plan (CLUP) is the basis for determining the water use for each parcel at build-
out. Many parcels with existing development are anticipated to have a change in potable water demand as 
shown in Figure 4. 

Estimated water use within the City was estimated considering these factors: 
• Has a developed parcel of land been in its current state of use for at least two years? 
• What is the projected use for land that is undeveloped? 
• Is there a reason (e.g., socio-economic) that a parcel or area of the city is has been using less water than 

what would be otherwise expected?  

Current potable water demand is the annual potable water demand of current customers that have been 
active for at least 2 years. Staff analyze actual water use data from the City’s utility billing system and 
calculate the amount of water used by each customer. 

Before a parcel of land has been in its current state of use for 2 years, that parcel is not yet considered fully 
developed for the purposes of potable water demand calculations. It is important to note that these areas 
are usually considered “developed” by Community Development as they have Official Development Plans or 
new construction. Staff are cautious in making the distinction between what land is developed by definitions 
used in the City’s Community Development department and what land is developed fully for the purposes of 
water demand calculations.  
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Figure 4. Three-Dimensional Map of Westminster Potable Water Demand Increases by Category 

Figure based on City of Westminster Draft Comprehensive Plan Update 

When new residential or commercial development occurs, the first 2 years of water use are not considered 
to be representative of normal water use for that customer. New homes often have incomplete landscapes 
that are watered at higher levels until firmly established. Businesses can take years to develop consistent 
customer levels more representative of established businesses. The City uses estimated water use, similar to 
projecting water use for undeveloped areas, during the first 2 years of water use.  

Potable water demand is projected for undeveloped areas and areas targeted for redevelopment. Projected 
potable water demands are determined for these areas based on their anticipated CLUP category. Existing 
water use in these areas is removed from the current potable water demand. 

In some areas of the City, actual potable water demand is lower than expected. These are typically areas 
that have underperforming landscapes that might be revitalized in the future. To mitigate the consequences 
of under-planning, developed areas of the City that are not using the amount of water associated with their 
CLUP categories are assumed to be using the typical amount of water in the estimates generated by City of 
Westminster staff. 

The City has a contractual obligation to provide water to Federal Heights through a perpetual contract for up 
to 2,000 acre-feet of water annually. The difference from the existing Federal Heights use and the 
contracted 2,000 acre-feet is added to Westminster’s potable water demand. 

Lastly, the extent to which the City can plan for water conservation is factored into the demand estimates. 
City staff has completed a comprehensive study of existing indoor water fixtures and appliances in the City 
along with the development of the City’s State approved Water Conservation Plan in 2010. In the plan the 
City has determined the water savings that can be counted on when the older, less efficient, fixtures and 
appliances are replaced with current technology. An original conservation goal of 2,200 acre-feet by 
buildout was established in 2010 and savings achieved to date has been applied. The CWSP applies a 
remaining savings by buildout to the water supply calculation. 
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Total build-out water demand is expected to be 33,300 acre-feet annually for all uses, including reclaimed. 
The potable water demand to be supplied by the treatment facilities is expected to be 29,800 acre-feet per 
year. 

Buildout Average Day Potable Water Demand  
Per direction from the City of Westminster and based on the best available water resources planning data, a 
buildout demand of 33,300 acre-feet per year less 3,500 acre-feet per year for reclaimed water (buildout 
capacity for the City of Westminster Reclamation Plant) was to be assumed for the Master Plan. This 
corresponds to a potable buildout demand of 29,800 acre-feet per year or an ADD of 26.6 MGD.  

Summary of Current and Projected 
Average and Max Day Potable Water Demands  
Table 2 takes into account the existing and buildout potable water ADD and applies the peaking factor 
previously characterized to yield MDD. Potable water demands between now and buildout were linearly 
interpolated. In reality, growth and resultant potable water demand rarely follows a linear pattern, but this 
is a moderate assumption appropriate for Master Planning purposes. All alternatives developed as part of 
the Master Plan include a phasing plan. This will allow the City to course-correct future construction projects 
if increases in potable water demand occur on a different schedule or are not as great as anticipated.  

Table 2. CH2M Potable Water Demand Summary 

Scenario 
Average Daily 

Demand (MGD) 
Max Daily 

Demand (MGD) Notes 

Existing (2015) 20.01 42.22 Extracted from 2005-2014 data as that was the most current 
information available during data collection phase.3 

2025 22.3 48.0 ADD linearly interpolated from existing and buildout values. 
MDD calculated using 2.15 MDD:ADD ratio. 

2030 23.5 50.5 ADD linearly interpolated from existing and buildout values. 
MDD calculated using 2.15 MDD:ADD ratio. 

2035 25.1 53.9 ADD linearly interpolated from existing and buildout values. 
MDD calculated using 2.15 MDD:ADD ratio. 

2040 (Buildout) 26.6 57.2 ADD from best available City of Westminster Water Resources 
Planning Data. MDD calculated using 2.15 MDD:ADD ratio. 

Notes:  
1Used 2005-2014 data. This data point was the maximum ADD from data set and was from 2006. 
2Used 2005-2014 data. This data point was maximum MDD from data set and was from 2008.  
3Most recent complete year of data (2014) yielded low values that were not consistent with historical trends and would have 
artificially suppressed the growth projections, so a larger recent data set was used to establish “existing” potable water demand. 
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References  
The CH2M project team determined the current potable water demand and interconnects based on the 
following sources of data provided by the City: 
• Microsoft® Excel® spreadsheet named “Annual Consumption Summaries,” which includes daily data 

from 2008 to 2015 and total production data going back to 1959 
• City of Westminster (March 2013) Water Conservation Plan 
• Innovyze® InfoWater® hydraulic model developed by URS, which was uploaded to DropBox on July 23, 

2015 (the model filename includes “July 7, 2015”) 
• City of Westminster Water Infrastructure Master Plan Update completed by URS and dated 

November 9, 2011 
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Plant Performance Desktop Evaluation 
PREPARED FOR: City of Westminster   

PREPARED BY: CH2M 

DATE: August 5, 2016 

 

Purpose and Outcomes  
The purpose of this technical memorandum (TM) is to document the historical water quality, chemical 
doses, and overall plant performance under normal operating conditions and treatment challenge periods. 
The major findings include the following: 
• Based on the data reviewed, Semper Water Treatment Facility (Semper) and Northwest Water 

Treatment Facility (NWTF) produce high-quality finished water well within Safe Drinking Water Act 
requirements 100 percent of the time. 

• Based on the data reviewed, neither plant operates near its rated capacity. As a result, there is not 
enough performance data to document that either plant could meet the City’s water quality goals 
during a water quality upset condition (e.g., fire in the watershed) at flows near their rated capacity.  

• For this TM, high turbidity was chosen as a challenge condition where raw (or settled) water turbidities 
were higher than usual for multiple days in a row. Between 2009 and 2014, two distinct instances of 
high turbidity were evaluated: June through August 2009 and July through September 2014.  

• Running full-scale, high-flow rate tests at both plants would yield data regarding each plant’s ability to 
operate at peak flows. (The City has expressed interest in determining what would be required to re-
rate NWTF at higher than its current 15-MGD rating. Based on conversations with Colorado Department 
of Public Health and Environment, challenge testing data from full-scale, high-flow tests will likely be 
required to re-rate NWTF at a capacity greater than 15 MGD.)  

• Semper produces high-quality settled water, but exceeds settled water target turbidities under 
challenge conditions. 

• At the loading rates evaluated during the challenge period, the filters at Semper produced high-quality 
finished water even when filter influent turbidity was above the 2 NTU target.  

• Mechanical flocculation at Semper may help the plant meet Partnership for Safe Water settled water 
turbidity goals during scenarios where the plant is operating at increased flows and with higher than 
average raw water turbidity. If the selected Water Treatment Location Alternative is reliant on the plant 
operating under challenge conditions at flow higher than typical plant flows, it is recommended that the 
City conduct high loading rate challenge testing to determine whether mechanical flocculation would be 
needed to maintain water quality goals.  

• NWTF produces low turbidity settled water at 5 to 6 MGD, but turbidities increase at higher flows 
corresponding to projected plate loading rates above 0.15 gpm/sf, the industry standard loading rate for 
plate settlers. 

• During the challenge period evaluated, the membranes at NWTF consistently produced high-quality 
finished water regardless of the higher solids loading recorded. 

• Further membrane data analysis may give insight into seasonal performance along with changes to 
permeability and transmembrane pressures (TMPs) over time, as well as membrane performance.  
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• Enhanced coagulation alternative compliance criteria (e.g., the Locational Running Annual Average 
[LRAA] of the treated water total organic carbon [TOC] sample results is less than (<) 2.0 mg/L) should 
be monitored at both plants so that the treatment process can be modified, if needed, to remain 
compliant with the alternative compliance criteria for the Enhanced Coagulation regulation.  

Introduction and Background  
The City of Westminster’s Semper Water Treatment Facility is a conventional filter treatment facility 
originally constructed in 1969 with a nominal capacity of 10 MGD. Subsequent expansions have increased 
the finished water capacity to 44 MGD. Semper has consistently produced high-quality finished water, but 
present circumstances are exposing operational limitations and maintenance needs associated with aging 
infrastructure.  

The Northwest Treatment Facility is a membrane filtration facility originally constructed as a peaking facility 
in 2001 with a nominal warm water capacity of 15 MGD. Membrane permeability degrades up to 33 percent 
as the temperature of the water falls to freezing, which causes NWTF to yield an estimated 10-MGD 
capacity. A subsequent expansion to the number of membrane trains increased the warm water treatment 
capacity of the plant to 20 MGD (14 MGD capacity for cold water). The NWTF operates well at lower flow 
rates, but has a few operational issues associated with plant shutdowns, higher flows, and low temperatures 
as identified by plant and City staff.  

This TM evaluates key treatment design criteria, plant water quality data, and key issues identified by plant 
and City staff. The purpose of this TM is to recommend future tests or potential improvements at both 
facilities. This document is organized into the following sections:  
• Standley Lake Raw Water Supply 
• Semper Water Treatment Facility  

− Process Description 
− Chemical Additions 
− Normal Operating Conditions Design Criteria 

o Sedimentation  
o Filtration 
o Enhanced Coagulation 

− Performance During Treatment Challenge Period 
• Northwest Treatment Facility  

− Process Description  
− Chemical Additions 
− Performance During Normal Operating Conditions 

o Flocculation/Sedimentation 
o Filtration 
o Enhanced Coagulation 

− Performance During Treatment Challenge Period 
• Conclusions 
• Recommendations  
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Standley Lake Raw Water Supply 
Standley Lake is the raw water supply for both Semper and NWTF. Under normal operating conditions, all 
raw water is conveyed to the facilities through the Standley Lake valve house and raw water pump station. 
The lake can typically be drawn down to a depth of 70 feet using the outlet control valves. At depths below 
70 feet, the raw water pump station must be used to send flows to Semper WTF. Northwest can be fed by 
gravity during low lake conditions. 

Figure 1 details the installation of the Standley Lake Bypass line, a newly completed capital improvement 
project. This new 48-inch pipeline allows raw water flows to bypass Standley Lake in emergency conditions 
or maintenance periods, and divert flow from the Farmer’s Highline Canal to the existing raw water lines in 
the system. This bypass is not expected to be needed under normal operating conditions. The bypass is to 
be used on an annual basis for testing and operator training and would only be otherwise used if the 
Standley Lake water quality is negatively impacted by an event or if raw water conveyance infrastructure is 
offline.  

 
Figure 1. Standley Lake Bypass Pipeline 

Tables 1 and 2 summarize the general raw water quality parameters for the two water treatment facilities 
for the last 5 years. For both plants, alkalinity is very consistent, but the other water quality parameters can 
vary significantly throughout the year. Raw water pH tends to be highest during the winter months, while 
iron, manganese, and turbidity all peak during the summer. The maximum concentration of iron is 
consistently below the U.S. Environmental Protection Agency’s (EPA’s) secondary maximum contaminant 
level (sMCL) of 0.3 mg/L and the maximum influent target concentration of 0.1 mg/L for membrane 
filtration.  
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The concentrations of manganese are more variable in comparison and are more problematic from a 
treatment standpoint. The average manganese concentration is well above the sMCL and maximum influent 
target concentration of 0.05 mg/L for membrane filtration, although the 50th-percentile concentration is 
below 0.05 mg/L. These values show that a few events causing spikes in manganese may be impacting the 
averages significantly. Additionally, these data show that adequate chemical pre-treatment and removal of 
manganese is key at both facilities, and especially for NWTF, to avoid inorganic fouling of the membranes. 
Turbidity and TOC are both relatively low, indicating a high-quality raw water supply that has low 
concentrations of organics and solids. The recent membrane autopsy report from Pall Membranes indicates 
that organic fouling is the source of irreversible fouling at NWTF. This report shows the importance of TOC 
reduction through pre-treatment for extended membrane life. As both facilities are fed from Standley Lake, 
the water quality for both facilities is nearly identical, although NWTF typically has higher concentrations of 
iron and manganese.  

Table 1. Semper Influent Quality Summary (2009-2014) 

Parameter Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

pH 2,170 7.85 7.00 9.00 7.95 8.30 

Alkalinity (mg/L as CaCO3) 72.0 51.6 43.0 60.0 51.5 56.0 

Total Iron (mg/L) 89.0 0.160 0.001 0.700 0.100 0.390 

Total Manganese (mg/L) 88.0 0.110 0.001 0.900 0.040 0.340 

TOC (mg/L) 72.0 1.75 1.41 2.25 1.73 2.02 

Turbidity (NTU) 2,189 4.87 0.590 59.7 3.81 10.2 

 

Table 2. NWTF Influent Quality Summary (2009-2014) 

Parameter Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

pH 1,999 7.72 4.10 8.54 7.84 8.20 

Alkalinity (mg/L as CaCO3) 65 51.38 43.00 57.00 52.00 55.60 

Total Iron (mg/L) 19 0.25 0.05 0.61 0.19 0.51 

Total Manganese (mg/L) 19 0.14 0.01 0.56 0.06 0.32 

TOC (mg/L) 63 1.74 1.22 2.27 1.72 2.03 

Turbidity (NTU) 1,993 4.95 0.61 62.84 3.79 10.23 
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Semper Water Treatment Facility 
Process Description  
Semper is capable of providing up to 44 MGD of finished water through a conventional filtration treatment 
process. Raw water from Standley Lake enters the raw water metering vault via 36-inch and 42-inch raw 
water pipes for flow measurement. Semper has the flexibility to add multiple chemicals at the vault, though 
sodium permanganate for oxidation of iron and manganese is the only chemical typically added there. The 
raw water metering vault diverts flows to the two flash mixers. The flash mixers have lime addition for pH 
and alkalinity adjustment, ferric chloride for coagulation, and sodium hypochlorite for primary disinfection.  

Each flash mixer is operationally connected to all eight sedimentation basins. If both flash mixers are in use 
simultaneously, then each flash mixer is dedicated to a sedimentation train downstream. Flash mixer #1 
serves the north train of sedimentation (Basins 1 through 4) while flash mixer #2 serves the south train 
(Basins 5 through 8). There is a crossover available which allows either flash mixer to serve either train, if 
needed. Both north and south trains have separate influent junction boxes where sodium hydroxide for pH 
trim is provided; adjustment at the junction boxes is not used during the winter months when raw water pH 
is higher. The influent junction boxes then split flow to the four pairs of sedimentation basins. Hydraulic 
flocculation currently occurs in the pipes from the flash mixer to each basin and the quiescent zone 
upstream of the parallel plate settlers. The flocculation/sedimentation process removes TOC and suspended 
solids. Settled solids are removed from each basin through a pair of Trac-Vac sludge collectors in each basin. 
Collected solids are pumped to the sewer and discharged downstream to Metro Wastewater Reclamation 
District. Settled water from each pair of sedimentation basins joins at the effluent junction boxes. Each 
junction box is dedicated to the north or south trains of sedimentation. Ammonium hydroxide is added at 
the effluent junction boxes to form chloramines for the distribution system disinfection residual. The 
effluent junction boxes then send flows to the granular sand and anthracite dual-media filters. 

A total of 26 shallow-bed, 12-inch deep granular silica sand and 18-inch-deep anthracite dual-media filters 
remove pathogens and solids. The depth of the media is acceptable according to the Colorado Department 
of Public Health and Environment’s (CDPHE’s) Design Criteria 4.3.1.6. However, the filter depths at Semper 
meet only the minimum requirements. Newer treatment facilities are equipped with deeper filter beds and 
more filter media to improve filter performance while providing a conservative approach to avoiding 
turbidity breakthrough. The filters are divided into three separate groups based on their time of 
construction. Filters 1 through 8 are the original trains built in 1970 and 1974, followed by Filters 9 through 
14 in 1985, and finally Filters 15 through 26 in 1995. Filter effluent from all filters combines into the 
hydraulically connected filter clearwells. Filter 8 is not used due to the physical proximity of total finished 
water turbidity monitor that is heavily influenced by Filter 8. The High-Service Pump Station (HSPS) provides 
finished water from Semper to the distribution system.  

Figure 2 shows the process flow for Semper. 
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Figure 2. Semper WTF Process Flow Diagram 

(Only Typical Chemical Additions Shown) 
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Chemical Additions 
The main chemical additions used under normal operating conditions were evaluated during development 
of this TM and are listed below:  
• Sodium Permanganate – Added at the raw water meter vault 
• Lime – Added at the flash mixers 
• Ferric Chloride – Added at the flash mixers 
• Sodium Hypochlorite – Added at the flash mixers 
• Sodium Hydroxide – Added at the influent junction boxes 
• Ammonium Hydroxide – Added at the effluent junction boxes  

Table 3 summarizes the chemical dosing statistics of the chemicals that have been used at Semper over the 
last several years of operation. All chemicals are added as chemical pre-treatment with the exception of 
ammonium hydroxide, which is added to settled water prior to filtration.  

Permanganate was originally added seasonally, but over the last few years of operational data was dosed 
year-round and controlled using an oxidation reduction potential probe. The permanganate dose typically is 
higher in the summer months in response to higher iron and manganese concentrations. Ferric chloride is 
added consistently, aside from a few short periods where ferric sulfate was used in its place. The ferric dose 
does not vary considerably with flows or seasons. The lime and sodium hydroxide doses both vary greatly by 
season. Lime is dosed throughout the year, but doses increase in the summer significantly. Sodium 
hydroxide is typically only used in the summer as influent raw water pH decreases in comparison to winter 
values. Chlorine and ammonium hydroxide doses remain fairly consistent to achieve desired disinfection and 
residuals for the distribution system.  

Table 3. Semper Chemical Dose Summary (2009-2014) 

Chemical Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

Sodium Permanganate (mg/L) 1399 0.3 0 2.0 0.12 0.83 

Ferric Chloride (mg/L) 2132 47.1 22.9 117.0 46.8 54.9 

Lime (mg/L) 2190 13.6 0 118.8 11.8 23.9 

Sodium Hydroxide (mg/L) 863 2.7 0 29.5 2.0 5.7 

Pre-Filtration Chlorine (mg/L) 2190 3.0 1.4 5.3 3.0 3.6 

Ammonium Hydroxide (mg/L) 2190 0.3 0 2.0 0.54 0.81 
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Normal Operating Conditions Design Criteria  
Semper treats the majority of raw water flow for the City under normal operating conditions regardless of 
the season. A summary for raw water flow through Semper from 2009 through 2014 is shown in Figure 3. 
The figure depicts the City’s long-term operational data that captured extreme weather events during those 
years. The baseline winter flows are typically between 5 and 10 MGD, and summer demand ranges between 
20 to 30 MGD from June through August.  

 
Figure 3. Semper Raw Water Flows over Time (2009-2014) 

Typical raw water turbidities, as shown in Figure 4, average approximately 5 NTU. Turbidities peak in the 
summer months around 10 NTU. The noticeable spike in turbidity for September 2013 was caused by 
significant flooding.  

 
Figure 4. Semper Raw Water Turbidity over Time (2009-2014) 
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Sedimentation 
Chemical pretreatment and sedimentation at Semper are used to achieve the following treatment 
objectives:  
• Particle removal (the target is < 2 NTU per Partnership for Safe Water) 
• Removal of soluble manganese and iron via oxidation and subsequent settling 
• Organics removal to comply with regulatory disinfection byproduct limits 

Settled water turbidity is shown in Figure 5. As the figure shows, settled water turbidity is typically below 
1.5 NTU with the exception of the peak demand in the summer. In the summer months the settled water 
turbidity is typically between 1.5 and 2.0 NTU. Only in 2009 did settled water turbidities exceed the 2.0 NTU 
target for an extended period of time. The only other year with an extended elevated settled water 
turbidities is 2014, which reached a maximum of 2.0 NTU.  

There is no mechanical flocculation at Semper; hydraulic flocculation is provided in the influent pipelines 
and quiescent zone upstream of the plates in the sedimentation basin. At higher coagulant doses and higher 
raw water turbidities, the lack of mechanical flocculation could hinder plant performance at peak flows.  

Sedimentation performance specific to removal of iron and manganese and organics cannot be commented 
on because sedimentation basin effluent iron and manganese data are not available. These water quality 
parameters are measured only for finished water and, therefore, the performance of the sedimentation 
process cannot be distinguished from the performance of the filters. Periodic collection of settled water 
data is recommended for iron, manganese, and TOC to provide better insight on both sedimentation and 
filtration performance. 

 
Figure 5. Semper Settled Water Turbidity (2009-2014) 
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Figure 6 presents Semper plant flow versus settled water turbidity data. The objective of this plot was to 
determine if higher settled water turbidities were observed at higher plant flows. There appears to be a 
small correlation, but it may be that higher settled water turbidities are associated with changes in seasonal 
watershed water quality. Figure 4 previously showed that raw water turbidities increase during the summer 
months which commonly coincides with the highest potable demands. The predominant conclusion for 
Figure 6 is that Semper provides adequate settled water quality across the range of conditions observed. 
There were data excursions where settled water may have exceeded the Partnership for Safe Water settled 
water turbidity goal of 2 NTU depending on the raw water quality recording during that period. It is 
recommended that Operations Staff flag settled water turbidities above 2 NTU and identify possible root 
causes and/or areas for process optimization. 

 
Figure 6. Semper Settled Water Turbidity vs. Flow (2009-2014) 

Filtration  
The granular sand and anthracite dual-media filters at Semper are responsible for the following treatment 
objectives:  
• Particle removal (the target is 0.1 NTU per Partnership for Safe Water) 
• Removal of giardia cysts and viruses (to meet EPA’s Surface Water Treatment Rule) 

Finished water turbidity is shown in Figure 7. As the figure shows, the filters provide finished water 
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Figure 7. Semper Finished Water Turbidity (2009-2014) 

Filtration performance specific to removal of iron, manganese, and organics cannot be commented on 
because these data are not available. These water quality parameters are measured only for finished water, 
and therefore the performance of the filtration process cannot be distinguished from the performance of 
sedimentation. The overall performance for removal of these parameters of the finished water is evaluated 
in Table 4. 

Table 4. Semper Finished Water Quality Summary (2009-2014) 

Parameter Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

pH 2190 8.43 6.98 8.82 8.47 8.60 

Alkalinity (mg/L as CaCO3) 72 54.89 45.00 67.00 55.00 62.00 

Total Iron (mg/L) 22 0.02 0.02 0.02 0.02 0.02 

Total Manganese (mg/L) 21 0.01 0.01 0.01 0.01 0.01 

TOC (mg/L) 72 1.44 1.17 1.80 1.43 1.63 

Turbidity (NTU) 2190 0.03 0.02 0.05 0.03 0.04 

 
      

As the table shows, the sedimentation and filtration processes combined are providing adequate removal of 
iron and manganese, with both well below the secondary MCLs.  

Enhanced Coagulation  
As shown in Table 4, the average TOC is 1.44 mg/L as compared to the raw water TOC of 1.74 mg/L, which 
means sedimentation and filtration provide a 17-percent removal of raw water TOC on average. Currently 
neither drinking water plant is required to meet 35-percent TOC removal per the Surface Water Treatment 
Rule (SWTR) because of the following alternative compliance criteria:  
• The Locational Running Annual Average (LRAA) of the source water TOC sample results is less than (<) 

2.0 mg/L. 
• The LRAA of the treated water TOC sample results is less than (<) 2.0 mg/L. 
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If a utility complies with any of the alternative compliance criteria in any quarter, it is not required to comply 
with the TOC removal requirements for that quarter. A more detailed evaluation of paired raw and finished 
water TOC (rather than averages) is presented in Figure 8. Paired data offers a more accurate snapshot of 
TOC removal across the plant. Using the paired data, TOC removal varies from 9 to 29 percent, with an 
average of 18 percent. Also shown in Figure 8 is the variation in finished water TOC concentrations. The 
LRAA of treated water TOC would have to increase by 40-percent before Semper would no longer meet the 
requirements for the alternative compliance criteria. From a practical standpoint, the City’s focus should be 
on meeting the requirements of the alternative compliance criteria. If the LRAA of the City’s finished water 
TOC approaches or exceeds 2.0 mg/L, the City should focus on reducing the finished water TOC by a small 
margin. Modifying the coagulant dose or tweaking coagulation pH will likely always be more cost effective 
than the treatment modifications required to achieve 35-percent TOC removal across the plant as required 
per the Surface Water Treatment Rule for primary compliance.  

 
Figure 8. Semper Paired Raw and Finished Water TOC Removal (2009-2014) 
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• Increased solids generation increasing solids disposal cost. 
• Potentially compromised filter performance. In the enhanced coagulation configuration, lime addition 

must be relocated upstream of the filters. Historically, when lime was added upstream of the filters it 
made achieving reliably low filter effluent turbidities more difficult. 
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Figure 9. Chemical Modifications Required at Semper for Enhanced Coagulation 
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Performance during Treatment Challenge Period 
Two possible treatment challenge periods were identified through this desktop evaluation. The first period 
was June through August 2009 where settled water turbidities were above 2.0 NTU. The second period was 
July through September of 2014. Given that this second challenge period is much more recent and would 
most closely reflect current operating procedures, this was selected as the treatment challenge period to be 
further evaluated.  

Figure 10 shows that raw water flows during this time were consistently over 20 MGD with July flows 
typically between 25 and 30 MGD. The raw, settled, and finished water turbidities are shown in Figure 11. 
Raw water turbidities were consistently above 10 NTU for much of the initial part of the challenge period 
and were well above the average turbidity of 4.87 NTU. Settled water turbidities were typically around 1.5 
NTU with a peak of 2.0 NTU, while finished water turbidities were 0.03 NTU consistently. Higher settled 
water turbidities due to increased solids loading may be impacted by a lack of mechanical flocculation as 
discussed previously. Other reasons could be the hydraulic issues in the rapid mix, or floc shear in the pipe 
bends or baffle areas.  

 
Figure 10. Semper Challenge Period Raw Water Flow (2009-2014) 
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Figure 11. Semper Challenge Period Turbidities 

Table 5 shows the chemical dosage statistics for the challenge period. Chemical doses were increased during 
this time when compared to the annual average in response to increased flows and turbidities.  

Table 5. Semper Treatment Challenge Period Chemical Dosage 

Parameter 
2014 

Average 

Challenge Period Data (July-September 2014) 

Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

Ferric Chloride (mg/L) 51.5 92 54.36 41.65 66.72 54.95 57.47 

Sodium Hydroxide 
(mg/L) 

2.0 92 2.07 0.46 4.04 2.05 2.96 

Lime (mg/L) 13.6 92 16.73 7.44 34.13 16.46 21.20 

Chlorine (mg/L) 2.85 92 3.19 2.21 4.37 3.10 3.85 

Ammonia (mg/L) 0.53 92 0.54 0.25 0.97 0.52 0.73 

NaMnO4 (mg/L) 0.17 92 0.35 0.06 1.07 0.17 0.85 

        

As Table 6 shows, the average filter run times during this challenge period were between 38 and 60 hours. 
The shortest run times were observed in July under the higher flow conditions in comparison to September. 
Filter run times were acceptable during this challenge period, however flows were still well below the 
maximum rated capacity of the plant so potential impacts at peak flows are not known as a result of this 
data.  

Table 6. Semper Treatment Challenge Period Filter Run Summary  

Average Filter Run (hours) All Filters Filters 1-14 Filters 15-26 

July 2014 41.5 44.3 38.5 

September 2014 62.8 65.8 59.5 
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While chemical consumption did increase slightly during this time period, the plant still performed well for 
particle and TOC removal. TOC concentrations for both raw and finished water remained consistent with the 
yearly averages. The flows were still well below the maximum rated capacity of the plant at 44 MGD, so the 
reduced flow may not be a true indicator of the plant’s ability to maintain similar performance at higher 
turbidities and flows. A new challenge test is recommended when potable demands increase. Run the plant 
for an extended period of time at maximum loading rates, preferably under higher raw water turbidities. 
This could be at the maximum plant capacity of 44 MGD, or the North or South train could be isolated and 
the plant could be run at 22 MGD with half the filters online. This hourly challenge test data would help 
identify any potential impacts to plant performance and ultimate rating for peak flows at increased solids 
loading.  

A full-scale test for an extended period of time at peak flows with increased turbidity would be required to 
provide further conclusions and recommendations on plant performance and operations. As an alternative, 
the north or south train of sedimentation could be taken offline along with half of the filters and the plant 
could be run at 22 to 24 MGD to simulate peak flows through half the plant only. In another alternative, 
Filters 15 through 20 (all high-rate, dual-media filters) can be isolated to receive only water from two of the 
four south sedimentation basins. Both basins and filters could then be operated to simulate a 44-MGD max 
flow rate. The filters would each be operated at a 2-MGD initial rate, and the basins would flow at 5.0 to 
5.5 MGD each. 

Northwest Water Treatment Facility 
Process Description  
NWTF receives flow from Standley Lake through the raw water pipelines or Standley Lake bypass similar to 
Semper. This membrane treatment facility was originally designed with eight membrane racks for a peak 
warm water capacity of 15 MGD. In 2011 three additional membrane racks were installed to bring the peak 
warm water capacity to 20 MGD maximum. Cold-water capacity has never been field verified because 
historically the plant has been used at a TMP well below the rated maximum. 

Raw water is dosed with potassium permanganate for oxidation of iron, manganese, and organics at the 
injection vault. Caustic soda for pH buffering is injected just prior to the Water Champ® coagulation 
induction mixer. Aluminum chlorohydrate (ACH) is the primary coagulant used and is injected into the water 
champ induction mixer prior to flocculation. Coagulated water then enters mechanical flocculation with four 
stages of horizontal flocculators. Parallel plate settlers are downstream of flocculation. Settled water is sent 
to the membrane feed pumps, while settled solids are collected and sent to the sewer for handling at the 
wastewater treatment plant (WWTP). Five-hundred micron micro-strainers provide additional particle 
removal upstream of the membranes. Each of the eleven membrane racks are rated for 1,500 gpm each 
with one rack in pause or cleaning mode at all times.  

For primary disinfection, sodium hypochlorite can be fed at multiple points throughout the treatment 
process, including in the flocculation basin, sedimentation effluent, clearwell influent, and clearwell 
discharge. The clearwell influent injection point is currently the only one in use. The 2-MG clearwell is used 
for free chlorine residual contact time (CT). Ammonium hydroxide is injected into the effluent pipeline of the 
clearwell to form monochloramine as the distribution system disinfection residual. Backwash waste from 
the membranes is collected in the secondary recovery tank and fed just upstream of the raw water flow 
control sleeve valve. The HSPS conveys finished water to the distribution system immediately following 
chloramination.  

Figure 12 shows the process flow diagram for the NWTF. The drawing shows all possible chemical injection 
points without differentiating the ones actually used, as described above. 
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Chemical Additions 
The main chemical additions used under normal operating conditions at NWTF were evaluated as a part of 
this TM. Typical chemical addition points are listed below:  
• Potassium Permanganate – Raw water injection 
• ACH – Raw water coagulation induction system, flocculation  
• Sodium Hypochlorite – Clearwell influent 
• Sodium Hydroxide - Raw water injection before coagulation at the Water Champ® induction mixer 
• Ammonium Hydroxide – Clearwell effluent pipeline 

Table 7 summarizes the chemical dosing statistics of the chemicals that have been used at NWTF over the 
last several years of operation. Reducing iron and manganese via chemical pre-oxidation is crucial to prevent 
precipitation on the membrane surface. The maximum influent target concentration of iron is 0.1 mg/L; the 
maximum influent target concentration of manganese is 0.02 mg/L for membrane filtration. Given the raw 
water concentrations presented in Table 2, adequate oxidation and settling of soluble iron and manganese 
through dosing of potassium permanganate is needed when raw water concentrations exceed these target 
concentrations. 

Potassium permanganate is used throughout the year, but doses increase in the summer to oxidize higher 
concentrations of iron and manganese. ACH is used in low concentrations throughout the year, and doses 
also increase during the summer months. Sodium hydroxide is typically used seasonally for the summer 
months as raw water pH values decrease. Chlorine and ammonia doses are relatively consistent to achieve 
the desired disinfection and distribution system residuals.  

Table 7. NWTF Chemical Dose Summary (June-August 2009) 

Chemical Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

Potassium Permanganate 
(mg/L) 

1912 0.2 0.0 3.1 0.10 0.70 

ACH (mg/L) 1921 5.7 0.0 20.9 5.50 8.61 

Sodium Hydroxide (mg/L) 977 5.7 0.0 22.3 5.69 10.18 

Chlorine1 (mg/L) 1920 2.9 0.1 8.2 2.81 3.64 

Ammonium Hydroxide 
(mg/L) 

1911 0.5 0.0 5.9 0.45 0.86 

1Minimum of zero for chlorine means that the CL17 chlorine analyzer did not auto sample correctly or that a pump failed for 
a very short time. The statistical summary shown herein is based on raw SCADA data which has some anomalies. Chlorine is 
continuously at 1ppm at a minimum. 

Performance under Normal Operating Conditions  
NWTF sees a relatively consistent raw water flow over time, with a minimal increase in flow during the peak 
demand in the summer. Flows are generally kept between 2 and 6 MGD. The summer months see peak 
demands between 4 and 6 MGD with some years seeing 6 to 8 MGD as a summer peak. NWTF was designed 
as a peaking facility, and is run at nominal flows throughout the winter months when demands are low. This 
approach is preferred over taking the plant offline as it reduces the operational challenges of taking the 
plant offline and restarting. Semper treats approximately 75 percent of winter demands, and NWTF is kept 
online and ready to ramp up if Semper needs to have maintenance performed.  

Figure 13 shows the raw water turbidity at NWTF for the last 5 years. The turbidities are essentially the same 
as seen at Semper, again noting the peak in 2013 caused by major flooding.  
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Figure 13. NWTF Raw Water Turbidity over Time (2009-2014) 

Flocculation/Sedimentation  
The clarification process consisting of flocculation and parallel plate sedimentation at NWTF are responsible 
for the following treatment objectives:  
• Particle removal (the target is < 2 NTU) 
• Removal of soluble manganese and iron via oxidation and subsequent settling prior to membrane 

filtration 
• Organics removal to limit membrane fouling and aid in compliance with regulatory disinfection 

byproduct limits.  

The design criteria for the flocculation and sedimentation processes are shown in Table 8.  

Table 8. NWTF Flocculation/Sedimentation Criteria  

Parameter Value Units Value Units 

Flocculation Conventional Plant 

Hydraulic Retention Time at 5 MGD 88 min 
High value: >45 min 

Hydraulic Retention Time at 10 MGD 44.4 min 

Hydraulic Retention Time at 15 MGD 29.6 min 
Low value: 30 min 

Hydraulic Retention Time at 20 MGD 22.3 min 

Sedimentation Conventional Plant 

Projected Plate Loading at 5 MGD 0.15 gpm/sf 
High value: 0.5 gpm/sf 

Projected Plate Loading at 10 MGD 0.27 gpm/sf 

Projected Plate Loading at 15 MGD 0.40 gpm/sf 
Low value: 0 gpm/sf 

Projected Plate Loading at 20 MGD 0.53 gpm/sf 
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Raw water flows are shown in Figure 14 to correspond with settled water turbidities shown in Figure 15. As 
Figures 14 and 15 show, settled water turbidity is typically below 1.5 NTU with the exception of the peak 
demand in the summer. In the summer months, the settled water turbidity is typically between 1.5 and 
3.0 NTU. Only in 2011 and 2013 did settled water turbidities exceed the 2.0 NTU target for an extended 
period of time. It should be noted that NWTF is permitted as a direct filtration facility, so this target goal is 
not to meet regulations but rather to meet a high level of desired performance from the process upstream 
of filtration to limit solids loading on the membranes 

Based on CH2M’s project experience with flocculation/sedimentation upstream of membranes, the ideal 
value for hydraulic retention time (HRT) for flocculation is a minimum of 30 minutes and a maximum 
projected plate settler loading rate of approximately 0.15 gpm/sf. Typically, plate settlers are loaded more 
aggressively with loading rates of 0.3 gpm/sf because flocculant aid polymer is added to conventional 
clarification. With membranes, polymer addition is typically avoided by membrane manufacturers to avoid 
fouling, so a less aggressive loading rate should be used to keep settled water turbidities low.  

NWTF produces its highest quality settled water when the ideal values for HRT and plate settler loading 
rates are met. Typically the plant is run at 5 to 6 MGD, which provides ample flocculation HRT and a plate 
loading rate near 0.15 gpm/sf. When the plant runs at higher flow rates, the settled water turbidities 
increase to above 1.5 and 2.0 NTU. This turbidity rate will be further discussed in the treatment challenge 
period section below.  

Flocculation/sedimentation performance specific to removal of iron, manganese, and organics cannot be 
commented on because these data are not available. These water quality parameters are only measured for 
finished water, and therefore the performance of the clarification process cannot be distinguished from the 
performance of the membranes.  

 
Figure 14. NWTF Raw Water Flows over Time (2009-2014) 
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Figure 15. NWTF Settled Water Turbidity over Time (2009-2014) 

Figure 16 shows settled water turbidity as a function of flow at NWTF. While the turbidities fluctuate at a 
specific flow, the minimum and maximum turbidities all increase at increased flows. The data shows a 
significant increase in slope when flows exceed 4 MGD making a non-linear fit plot the best fit. The 
r-squared value is relatively low, which is reflective of the wide scatter in the data. 

 
Figure 16. NWTF Settled Water Turbidity versus Flow 

Filtration  
The membranes at NWTF are responsible for the following treatment objectives:  
• Particle removal (the requirement is <0.1 NTU as regulated by CDPHE) 
• Removal of giardia cysts (to meet EPA’s Surface Water Treatment Rule)  
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Finished water turbidity is shown in Figure 17. As the figure shows, the membranes provide finished water 
turbidities well below the treatment goal at 0.1 NTU. Filtration effluent turbidity is not impacted by flow 
rates or seasonal water quality changes due to the robustness of the membrane treatment process. The 
performance of the membranes is well within the CDHPE regulations, at an order of magnitude lower than 
the regulated effluent concentration.  

 

 
Figure 17. NWTF Finished Water Turbidity over Time (2009-2014) 

Enhanced Coagulation  
According to the City, CDPHE does not require NWTF to meet the requirements for Enhanced coagulation 
because it is a membrane plant. If this interpretation of the existing regulations changed, NWTF would 
currently meet the same two alternative compliance criteria previously mentioned:  
• The Locational Running Annual Average (LRAA) of the source water TOC sample results is less than (<) 

2.0 mg/L. 
• The LRAA of the treated water TOC sample results is less than (<) 2.0 mg/L. 

Similar to the conclusion made regarding Semper, the team decided that, if compliance with the TOC 
removal required per the Enhanced Coagulation regulation were to become at issue at NWTF, the approach 
would be to invest in treatment improvements to meet one of the alternative compliance criteria rather 
than trying to meet the TOC removal requirement. The major deterrent for attempting enhanced 
coagulation at either plant is the many chemical sequencing conflicts, additional solids and handling costs, 
and chemical costs. The treatment improvements for meeting the alternative compliance criteria for source 
water or treated water TOC would be closely monitored so that modifications can be made, if needed, to 
meet one of the two alternative compliance criteria.  

Performance during Treatment Challenge Period 
To determine how increased flows and solids loading affected plant and specifically membrane performance 
over time, certain periods of high sustained flows and turbidities were further analyzed. These challenge 
periods were evaluated using SCADA data. To determine how increased flows and solids loading affected 
plant and specifically membrane performance over time, a recent period of sustained high flows and 
turbidities—June through August 2013—was analyzed. 

The following data 
point was not shown 
due to scale. 



PLANT PERFORMANCE DESKTOP EVALUATION 

AUGUST 5, 2016 PAGE 23 OF 26 

Figure 18 shows the raw water flows for the challenge period. Note that baseline flows prior to and 
following this period were in the normal 5 to 6 MGD range, while flows were consistently above 8 MGD from 
mid-June through early August.  

 
Figure 18. Raw Water Flow during Challenge Period 2013 

Figure 19 shows the raw water and settled water turbidities for the challenge period. Raw water turbidity 
was elevated for the majority of this period, with peak turbidities between 10 and 12 NTU for July. 
Membrane feed (settled water) turbidities spiked above 2 NTU to nearly 3 NTU at the peak raw water flows 
and turbidities. At flows below 10 MGD, flocculation HRT is still acceptable, but plate loading rates are above 
the ideal 0.15 gpm/sf value. A lower plate loading rate would help to produce higher-quality membrane feed 
water, especially during spikes in raw water turbidity. This is confirmed at the front and back end of the 
challenge period when lower flows result in lower turbidity for settled water, even with elevated raw water 
turbidities seen in early August.  

SCADA data were provided for this challenge period for transmembrane pressure (TMP), turbidity, and flow. 
Under normal operating conditions, each membrane rack was isolated from the system for an air-scrub 
reverse filtration (ASRF) cycle every 20 to 30 minutes. In reviewing the SCADA data, each membrane rack 
had a drop in TMP approximately every 30 minutes as a result of the ASRF cycle. TMP values stayed very low 
throughout this challenge period. As Figure 20 shows, the TMPs for all eleven racks are kept below 7 psi and 
are consistently below 5 psi. The maximum designed TMP for the membrane racks is 35 psi, so these values 
maintain TMPs near the minimum values at all times. According to the data, the membranes are not as 
challenged as they could be, and they can likely handle more solids because TMP is at a minimum.  
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Figure 19. Raw Water and Membrane Feed Turbidities during Challenge Period 2013 

 
Figure 20. Transmembrane Pressures during Challenge Period 2013 

 
Due to low TMPs and flows that are still well below the maximum rated capacity of 15 MGD, it is not 
possible to fully comment on the performance capabilities of the membranes. A full-scale test operation at 
peak flows and higher TMPs for an extended period of time would be required to analyze performance and 
provide further recommendations on membrane operations.  

CH2M was encouraged to focus on baseline operational data and a single challenge period as the scope of 
this evaluation. Therefore, additional seasonal data, such as clarification performance at design flow rates 
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not included as a part of this analysis. Additional analysis may be able to provide further conclusions and 
recommendations on overall membrane performance.  

Table 9 shows the chemical doses during the challenge period for NWTF. Chemical consumption did increase 
significantly when comparing the average dose to the annual average. However, the maximum doses over 
this range, while brief, are significantly above average in response to the increased turbidity in raw water at 
increased flows.  

Table 9. NWTF Treatment Challenge Period Chemical Dosage 

Parameter 
2013 

Average 

Challenge Period Data 

Count Average Min Max 
50th 

Percentile 
90th 

Percentile 

ACH (mg/L) 7.02 92 6.68 2.83 16.22 6.57 8.80 

Sodium Hydroxide 
(mg/L) 

4.01 
92 7.22 2.48 11.88 7.13 10.42 

Chlorine (mg/L) 2.92 92 2.63 1.78 3.46 2.67 3.09 

Ammonia (mg/L) 0.51 92 0.45 0.08 2.08 0.37 0.81 

KMnO4 (mg/L) 0.23 92 0.28 0.02 1.72 0.11 0.84 

        

Conclusions 
Based on the desktop evaluations for Semper and NWTF during normal operations and during treatment 
challenge periods, the following conclusions and recommendations were reached. 

Semper 
• Semper produces high-quality settled water, but can exceed the internal goal of meeting Partnership for 

Safe Water turbidity goals under challenge periods. 
• The filters at Semper are capable of handling settled water turbidity to produce high-quality finished 

water. 
• Enhanced coagulation alternative compliance criteria (e.g., the LRAA of the treated water TOC sample 

results is less than (<) 2.0 mg/L) should be monitored o that the treatment process can be modified, if 
needed, to remain compliant with the alternative compliance criteria for the Enhanced Coagulation 
regulation.  

NWTF 
• NWTF produces low-turbidity settled water at 5 to 6 MGD, but turbidities increase as plate loading 

increases above 0.15 gpm/sf, the industry standard loading rate for plate settlers. 
• The membranes at NWTF produce consistent high-quality finished water and were not impacted by 

solids loading during the challenge periods. 
• Enhanced coagulation alternative compliance criteria (e.g., the LRAA of the treated water TOC sample 

results is less than (<) 2.0 mg/L) should be monitored o that the treatment process can be modified, if 
needed, to remain compliant with the alternative compliance criteria for the Enhanced Coagulation 
regulation.  

• An extended, full-scale test at peak flows at NWTF would allow further analysis of membrane 
performance.  
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Recommendations 
Semper 
• Running a full-scale test at peak flows with increased turbidity would provide insight into the ability of 

the plant to operate during challenge periods at the rated capacity of Semper. This would be valuable 
information for alternatives where Semper would be required to run near its nameplate capacity of 
44 MGD. 

• Mechanical flocculation at Semper may help the plant meet Partnership for Safe Water settled water 
turbidity goals during scenarios where the plant is operating at increased flows and with higher than 
average raw water turbidity. If the selected Water Treatment Location Alternative is reliant on the plant 
operating under challenge conditions at flow higher than typical plant flows, it is recommended that the 
City conduct high loading rate challenge testing to determine whether mechanical flocculation would be 
needed to maintain water quality goals.  

• Regardless of the City’s decision regarding the necessity for mechanical flocculation, Operations Staff 
should continue to monitor and flag settled water turbidities above 2 NTU and identify possible root 
causes and/or areas for process optimization. 

• Periodic collection of settled water data is recommended for iron, manganese, and TOC to provide 
better insight on both sedimentation and filtration performance under a range of source water and 
plant flow conditions. 

NWTF 
• Current flocculation/sedimentation capacity is not sized at loading rates recommended for 

pretreatment at a 15-MGD membrane facility. For alternatives that rely on a year-round sustainable 
capacity of 15 MGD at NWTF, challenge testing must be conducted to verify whether additional 
flocculation/sedimentation capacity is required. 

• Analysis of additional seasonal data, such as clarification performance at design flow rates (15 to 
20 MGD), membrane performance during cold water conditions, membrane permeability, and TMPs and 
the effectiveness of chemical cleanings, may provide further conclusions and recommendations on 
overall pretreatment and membrane performance. 

• Regardless of the City’s decision regarding the necessity for additional mechanical flocculation/ 
sedimentation capacity, Operations Staff should continue to monitor and flag settled water turbidities 
above 2 NTU and identify possible root causes and/or areas for process optimization. 
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Plant Inspection Evaluation 
PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

Purpose and Outcomes  
The purpose of this document is to discuss the results of the rapid visual screens and detailed condition 
assessments (on a limited number of visible assets) at the Semper and Northwest Water Treatment 
Facilities and the resultant recommended short-, mid-, and long-term Capital Improvement Projects 
(CIPs) identified as a result of these efforts. The major outcomes of this effort are a draft list of 
recommendations for the City of Westminster’s (City’s) Capital Improvement Program (CIP) list and in-
house asset inventory.  

This Technical Memorandum (TM) provides a broad analysis of and recommendations for the City’s 
current operation; the CIP projects described herein will be discussed further in the Cost-Benefit TM. For 
example, improving the heating, ventilation, and air conditioning (HVAC) in the pipe gallery for Semper 
is recommended for corrosion control in this TM, but would not be recommended in subsequent TMs 
describing alternatives where Semper is ultimately retired as that would be a lost investment. 

Based on the inspection at both plants, the present conditions at Semper and NWTF are not the primary 
driving factors in this master plan. Overall, the City’s asset inventory accurately reflects capital project 
needs at both Semper and NWTF. 

The recommendations provided in this TM are based on the plant inspections, which are discussed 
below:  
• In general, Semper is in good condition from a treatment and infrastructure standpoint; most 

projects identified are a result of the plant’s age. 

• Semper Filter No. 8 should remain offline due to its impact on combined filter effluent turbidity 
measurement which cannot easily be addressed.  

• In general, NWTF is in good condition from a treatment and infrastructure standpoint; most projects 
identified are a result of improving the operational reliability of the plant. 

Introduction and Background 
The City’s Semper Water Treatment Facility (Semper) is a conventional filter treatment facility originally 
constructed in 1969 with a nominal capacity of 10 MGD. Subsequent expansions have increased the 
finished water capacity to 44 MGD. Semper has consistently produced high-quality finished water, but is 
experiencing operational limitations and maintenance needs associated with aging infrastructure.  

The Northwest Water Treatment Facility (NWTF) is a membrane filtration facility originally constructed 
as a peaking facility in 2001 with a nominal capacity of 15 MGD. A subsequent expansion to the number 
of membrane trains increased the treatment capacity of the plant to 20 MGD. The NWTF operates well 
at lower flow rates, but has a few operational issues and potential single points of failure as identified by 
plant and City staff.  
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To prepare this TM, discipline engineers conducted a plant assessment and provided observations on 
plant conditions along with recommended plant improvements. Structural, electrical, instrumentation 
and controls (I&C), process, and mechanical discipline engineers took part in the plant assessments. The 
purpose of this TM is to provide observations on the current condition of the plants, and summarize any 
issues or recommended improvements provided by the discipline engineers or as identified by plant and 
City staff.  

This document is organized into the following sections: 
• Failure Scenarios Matrix  
• Asset Inventory Evaluation  

Semper Water Treatment Facility  
− Discipline Condition Assessment  

o Structural 
o Process Mechanical  
o Electrical 
o Instrumentation and Controls 

− Single Points of Vulnerability  
− Capital Improvement Project Recommendations 

• Northwest Treatment Facility  
− Discipline Condition Assessment  

o Structural 
o Process Mechanical  
o Mechanical  
o Electrical 
o Instrumentation and Controls  

− Single Points of Vulnerability 
− Capital Improvement Project Recommendations  

• Additional Treatment Considerations for NWTF and Semper 
• Summary 

Failure Scenarios Matrix 
As discussed in the Level of Service Goals TM, demand reliability goals established by the City 
characterize the demands to be met under likely failure scenarios at Semper and NWTF. Under the 
typical mechanical, electrical, and I&C failure scenarios identified in Table 1, the City must still meet 
Maximum Day Demand (MDD) for potable water with no interruption in service. The intent of this table 
is identify those projects linked to the City’s demand reliability goals. A number of scenarios also are 
identified where the City is already equipped to meet potable water MDD with no interruption in 
service. In this case, no capital projects are identified, but the proposed response to the failure scenario 
is described. In some cases, operational or planning suggestions are made or projects are recommended 
as an enhancement to the current approach but are not required to meet demand reliability goals. This 
table is not an all-inclusive list of projects. The objective of the table is to characterize “failure” scenarios 
and potential solutions and planning strategies.  
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Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

Power Supply 

F1 Utility Feed 
Failure 

Utility power failure causes 
large or small outage due to 
manmade or natural causes.  

Use standby power generators to continue operation. 
Dual utility feeds provided by Xcel would address a 
small, but not large, area failure. Based on findings from 
plant inspections, the primary generator at NWTF is 
adequately sized to run the plant. However, 
fundamental issues exist with the standby generator at 
the Semper HSPS. The standby generator can only 
supply power to the new existing low-voltage pumps, 
which pump approximately 10 MGD. If a utility feed 
failed, the HSPS could not pump enough water so that 
the City could maintain MDD during an interruption in 
service. In addition, Plant staff indicated that the HSPS 
switch is not adequately sized.  

Operations/Planning Recommendation:  

• During the 2017 Semper HSPS project, confirm 
whether the automatic transfer switch is 
sufficiently sized to switch to the generator in the 
event of a utility feed failure and confirm that the 
additional low-voltage pump that will be added 
during the project will increase Semper’s finished 
water pumping capacity (while on back-up power) 
so that the plant can meet the City’s demand 
reliability goals (i.e., 22 MGD). 

• Maintain current fuel vendor/delivery contracts so 
that in the event of failure, fuel could be delivered 
at regulator intervals until the utility failure is 
rectified.  

F2 Standby Power 
Generators 

Standby power generator fails 
or cannot meet plant loads 
during utility outage. 

Run spare diesel generator; however, the generator has 
a finite run time. Currently, Semper can only run one 
high-service pump, which reduces available plant 
capacity under this failure scenario. Standby power 
capacity is inadequate to meet potable water MDD with 
the largest train out-of-service.  

Operations/Planning Recommendation: Size the primary 
generators properly to meet existing loads as required 
by the potable water demand reliability goals.  

F3 Utility 
Transformers 

Utility transformer fails.  Use standby power generators to continue operation at 
full load, or reduce loads and capacities based on 
remaining online transformers. 

Capital Recommendation: Add second transformer at 
Semper to support the demand reliability goal of 
meeting potable water MDD with City’s largest train 
out-of-service.  
Operations/Planning Recommendation: Perform oil-gas 
testing on cooling oil to evaluate transformer health. 
Provide shelf space for transformer if possible, or look 
for options to reduce lead time on a replacement 
transformer. 

F4 Motor Control 
Centers (MCCs) 

MCC goes down, causing 
failure of equipment tied to a 
failed MCC.  

Run plant to the extent possible on equipment tied to 
different MCCs while MCC is being repaired.  

Operations/Planning Recommendation: Spread 
redundant equipment loads across multiple MCCs to 
avoid single point of failure and so that at a complete 
train could be kept online during a failure.  
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Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

Raw Water 

F5 Water Quality Fire or other event in 
watershed causes increased 
runoff of chemicals, 
particulates, and solids into 
Standley Lake. Increase in raw 
water TOC and turbidity results 
in treatability challenges. 

Adjust coagulant dose as needed. Add nominal amounts 
of polyaluminum chloride upstream of filters manually 
to address temporary treatability challenges. Adjust 
filter run lengths, etc. to respond to potential increased 
solids loading.  

Operations/Planning Recommendations:  

• Bypass lake during these events. 

• Shut head gates to canals.  

• Provide flexibility through additional treatment 
processes, reduced loading rates, or increased 
chemical doses for increased TOC removal to 
comply with one of the Colorado Department of 
Public Health and Environment (CDPHE) alternative 
compliance criteria.  

• As required per City water quality goals, provide 
footprint for additional treatment processes 
capable of handling varying raw water quality (e.g., 
Raw Water Presedimentation Pond, Flocculation) 
during design of any new water treatment facility. 

F6 Standley Lake Standley Lake or associated 
outlet valves and piping must 
be taken offline for short 
period due to water quality, 
dam issues, or maintenance to 
infrastructure.  

Use Standley Lake bypass during lake outages or 
maintenance of Standley Lake outlet valves/pipes. 

Operations/Planning Recommendation: Continue to use 
Standley Lake bypass during lake outages or 
maintenance of Standley Lake outlet valves/pipes. 

F7 Raw Water 
Conveyance  

Raw water conveyance pipes 
must be taken offline due to 
maintenance or failure.  

Conduct regular inspection and replacement of aging 
infrastructure. 

Operations/Planning Recommendation: Continue 
conducting regular inspection and replacement of aging 
infrastructure.  
Capital Recommendation: For alternatives relying on 
15 MGD of firm capacity from NWTF to meet Citywide 
demand reliability goals, include a parallel NWTF raw 
water pipeline.  
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Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

Control Systems  

F8 Programmable 
Logic 
Controllers 
(PLCs) 

PLCs are unable to 
communicate with process 
equipment remotely. 

NWTF cannot be run without PLCs. Meet demand 
relying on Semper only. If PLC failure is at Semper, run 
equipment locally. Failure of some PLCs, e.g., the raw 
water PLC, may be catastrophic. City has spares of each 
type of PLC. Can be addressed in time it takes to detect 
the problem plus up to 4 hours to program. Spare power 
supplies for each of the PLCs are available in most sizes. 
Enhancement to have exact replacement power 
supplies on hand.  

Operations/Planning Recommendations:  

• Continue to maintain adequate backup PLCs on 
hand to replace equipment in the event of failure. 

• Have one of each size power supply on hand in 
case of failure.  

F9 Human-
Machine 
Interface (HMI) 

Inability to control processes 
from control room forces all 
communications to be through 
PLCs or mobile devices. 

The City has Wonderware software and a redundant PLC 
HMI interface that doesn’t use Wonderware. This is not 
yet complete. A description of this redundant HMI is as 
follows:  

• Uses touchscreen HMI. 

• Does not feed data back to turbimeters, chem 
feed, etc. 

• Does not have historical data logging. 

• Does not allow access to serial-based equipment.  

• There are multiple PCs doing the same function.  
The City has virtualized the server. The City can transfer 
the functionality of any failed logical server to any of the 
other servers allowing the City to meet demand 
reliability goals during an HMI failure.  

Operations/Planning Recommendation:  
Control locally through PLCs or through mobile devices 
connected to network. 

F10 Communication 
Network 

Communication network 
failure would prevent HMI 
and/or PLCs from 
communicating with 
equipment for process control 
and monitoring. 

City has a network ring. Back-up needs to be confirmed 
by City’s IT department. They provide back-up if a switch 
fails. Switch configuration can go awry and needs to be 
corrected by IT which can take hours. Currently only a 
radio signal exists at HSPS. This has had operational 
problems in the past.  

Operations/Planning Recommendations:  

• Provide backup parts for any critical network 
pieces. 

• Ensure failure of one piece of network would not 
take out entire network.  

Capital Recommendation: Install fiber line between 
administration building and high service pump station.  
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Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

F11 Instruments 
and Analyzers 

Instruments and analyzers are 
unable to monitor or control 
critical parameters. 

CL17 is a shelf spare. Spare parts for instrumentation on 
individual filters is optional because, if the 
instrumentation failed, the filter could be taken offline 
and MDD could still be met. A Hach turbidimeter and 
SC-200 are kept on-hand as spare parts. Semper has two 
raw water lines, each with its own mag meter; demand 
reliability could still be met in the case of a flowmeter 
failure and replacement. In addition, plant flow is 
measured at two locations (at Standley Lake and at each 
plant). Only plant flowmeters tie into automatic plant 
control, but data from Standley could be used for 
manual control. On finished water, two turbidimeters 
are online at each plant at all times. Spare parts kept on 
hand include:  

• pH electrodes 

• ORP electrodes  

• Amphimetric chlorine analyzer (for chloramination) 

Operations/Planning Recommendations:  

• Continue to provide shelf spares for analyzers that 
would need quick replacement. 

• Provide installed standby analyzers for critical 
instruments such as disinfection monitoring. 

Equipment 

F12 Process 
Equipment 

Process equipment fails. This failure type would force standby equipment to run 
or result in reduced capacities. 

Operations/Planning Recommendations:  

• Provide adequate standby capacity or shelf spares 
for process equipment.  

• Proactively replace equipment at end of its  
useful life.  

F13 Chemical 
Storage and 
Metering 

Chemical storage vessel or 
metering pump fails. 

Could force chemical to be taken offline or reduce 
number of application points or potential dosage.  

Provide storage and metering redundancy on all critical 
chemicals.  
Example: Redundant lime silo at Semper is 
recommended for long term operation of Semper. 
Though not technically required to meet demand 
reliability goals since caustic is also on site at Semper, 
lime is used for alkalinity and provides an operations 
and finished water quality benefit.  
Add second caustic injection point in order to provide 
increased reliability. Not required to meet demand 
reliability goals, but recommended to provide a water 
quality and operations benefit to the plant.  
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Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

F14 Chemical 
Storage and 
Metering 

Chemical delivery has been 
interrupted for the short or 
long term. 

Could cause chemical shortage onsite. Ensure storage volumes are adequate for potential 
delays in chemical delivery.  
Capital Recommendation:  
Provide 30 days of additional storage to use if needed 
for long-term facility planning.  
Example: Provide a redundant lime silo at Semper. 
Though not required to meet demand reliability goals 
because caustic is used for pH adjustment at Semper, 
alkalinity provides an operations and finished water 
quality benefit by adding alkalinity.  

F15 Disposal of 
Solids 

Solids handling equipment 
(including pumps) fails or 
utility is unable to dispose of 
produced solids. 

Could limit solids-handling capacities and potentially 
plant capacities. Contract haul as part of short-term 
solution.  

Operations/Planning Recommendation: Maintain 
contract dewatering/hauling contract as part of short-
term solution. 
Capital Recommendation: For alternatives that keep 
Semper online through the end of the project study 
period (2065), implement solids handling improvements 
at Semper by 2040. Make sure a new water treatment 
plant include solids handling capabilities. Solids handling 
capabilities are not required for NWTF because the 
plant does not rely on Metro Water Reclamation District 
for solids disposal.  

F16 Membrane 
Permeability 
Decline 

Permeability declines beyond 
that anticipated in the 
membrane life calculations 
used to determine plant 
capacity. 

Increased ASRF usage and CIP cycle, transmembrane 
pressure increase, decrease in membrane flux setpoint. 

Challenge testing is recommended as part of the Plant 
Performance Desktop Evaluation TM. In lieu of results 
from that data, a placeholder membrane replacement 
frequency of 10 years is maintained for the Master Plan. 

Infrastructure 

F17 Structures Basin fails. Could result in 
leaking or the loss of that 
treatment train or individual 
basin.  

Inspection.  Operations/Planning Recommendation: Regularly 
inspect and repair aging structures.  
Capital Recommendation: For new plants, provide 
redundancy or bypass around structures required in 
order to meet demand reliability goals.  

F18 Pipes Pipe failure could result. Individual treatment trains or processes are taken 
offline for repair of pipe. 

Regularly inspect and repair of pipes. Provide 
redundancy or bypass at critical areas where demand 
reliability goals could not otherwise be maintained. 



PLANT INSPECTION EVALUATION 

PAGE 8 OF 30 AUGUST 5, 2016 

Table 1. Potential Water Treatment Failure Scenarios 
Failure ID Failure  Description  Current Approach Proposed Improvement  

F19 HVAC/Building 
Mechanical 

Building mechanical 
equipment fails for an 
extended period of time  

Could cause failure or damage of equipment that 
requires ventilated cooling. 

Provide adequate duty and standby capacity for HVAC 
equipment. 

F20 Scheduled 
Shutdown 

Scheduled shut down for 
maintenance activities occurs 
(preferably in winter).  

Push maintenance activities to winter/low potable 
water demand times when possible.  
Online plant will see increased flows which could 
potentially deteriorate settled and finished water 
quality. (Historically, this has not been an issue, but this 
scenario could possibly happen under the right influent 
water quality and hydraulic loading conditions.)  

Operations/Planning: Recommendation: Consider 
additional “reserve” Citywide treatment capacity as a 
non-monetary benefit as this would allow for additional 
unit process capacity loading which could be beneficial 
during scheduled or unscheduled outages. 

Distribution System 

F21 Distribution 
System 

Distribution system pipe, valve 
or pump failure that prevents 
feeding Zone 1 from either 
plant.  

Could prevent meeting demands for distribution system 
within certain zones depending on location and nature 
of failure. 

Replace aging infrastructure and provide 
redundancy/bypass at critical points. 
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Asset Inventory Evaluation  
The City maintains an asset inventory that is used for Capital Improvement Planning purposes. Assets 
included on the list are assigned an asset type and code as shown in Table 2. These codes correlate with a 
“Typical Standard-Remaining Useful Life” (the typical service life for that asset type) and “Useful Life 
Multiplier” (an adjustment used to increase or decrease the service life for an asset class, as defined by the 
City). The product of these two factors result in the “City Remaining Useful Life” for each asset. As an 
example, the Typical Standard Remaining Useful Life for Harsh Duty Pumps and Equipment (10.0) multiplied 
by the Useful Life Multiplier (1.4) yields a Remaining Useful Life of 14.  

Table 2. Estimated Useful Life Based on Asset Type 
Asset Code Matrix 

Asset Type Code 

Typical Standard - 
Remaining  
Useful Life 

Useful Life 
Multiplier* 

City Remaining 
Useful Life 

Tank Interior Coatings 5 8.0 1.0 8.0 

Harsh Duty Pumps and Equipment 10 10.0 1.4 14.0 

WQ Lab Equipment 1 of 2 - Short Life 15 10.0 1.0 10.0 

SCADA, Instrumentation & Control, Comm, and High 
Tech 

20 12.0 1.0 12.0 

Steel Tank Exterior Coatings 30 14.0 1.0 14.0 

Medium Duty Pumps and Equipment 40 15.0 1.2 18.0 

PLCs 50 15.0 1.0 15.0 

VFDs, Soft Starts, and Outdoor Electrical 60 17.0 1.0 17.0 

Mechanical 70 20.0 1.2 24.0 

Roofs 1 of 3 - Standard and/or Membrane 80 20.0 1.0 20.0 

WQ Lab Equipment 2 of 2 - Long Life 85 20.0 1.0 20.0 

Valves, Piping, and Headers 90 25.0 1.0 25.0 

Fiber Optics, Electrical, and Generators 100 30.0 1.2 36.0 

Force Mains and IMS CAP Underdrains 105 30.0 1.2 36.0 

Roofs 2 of 3 - Metal or Extra Built-up 110 35.0 1.0 35.0 

PRV Vault - Life Span 115 40.0 1.3 52.0 

Tank Structure 120 40.0 1.2 48.0 

Pipeline 1 of 2 - Short Life (yard piping, siphons) 125 40.0 1.0 40.0 

Structural 130 50.0 1.4 70.0 

Roofs 3 of 3 - Clay Tile 140 50.0 1.0 50.0 

Site/Civil 150 55.0 1.0 55.0 

Pipeline 2 of 2 - Long Life (Dist. System) 160 75.0 1.0 75.0 

*The City database is set up such that all assets with a high level of criticality (greater than 13) were forced via Microsoft Excel formula 
to remain at a useful life multiplier of 1.00 
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As part of the detailed condition assessments for the plants, the City requested that CH2M conduct a high-
level review of the content of the asset inventory with recommendations regarding potential updates. 
CH2M accessed the asset inventory on December 10, 2013 and reviewed all assets associated with Semper 
and NWTF. Based on the review of this document, CH2M offers the observations and recommendations 
listed in Table 3.  

Table 3. Asset Inventory Recommendations1 
Observations and Recommendations 

Observation 
Number Observation Recommendation 

Item 1 For some asset categories, such as Site/Civil, 
Mechanical, and Pipelines, it is not clear what assets 
are intended to be captured in these categories. 

Develop a guidance document to identify those assets 
that are to be included in each category. This 
document could help with training staff on the use and 
proper techniques for updates to the asset inventory 
such that accurate and up-to-date asset information 
can be reliably maintained. 

Item 2 In general the asset inventory does not appear to 
include a mechanism for logging maintenance 
activities. The maintenance activities conducted will 
have the potential to drastically affect the useful life 
for a given piece of equipment. 

Provide additional fields to record the date of 
maintenance activity and a code for the nature of the 
activity. This code would reflect minor or major 
maintenance activities for the purpose of inclusion in 
the formulas used to calculate the “City Remaining 
Useful Life” field. 

Item 3 In some instances, assets entered into the asset 
inventory do not appear to be properly coded, which 
will affect the “City Remaining Useful Life” calculation. 
For instance, the site/civil inventory for NWTF is coded 
as structural (130) versus Site/Civil (150). Also, 
magnetic flow meters are coded as mechanical (70) 
instead of instrumentation and controls (20). 

Review the asset inventory to verify that assets are 
assigned the appropriate code for the purposes of 
calculating the remaining useful life of City assets. In 
instances where assets were coded differently to yield 
the right “years of life” designation, broaden category 
title to be more inclusive so that data do not appear to 
be coded improperly.  

Item 4 The Mechanical code includes flocculators and 
chemical feed systems as well as the building HVAC 
equipment, all of which have different standard useful 
life ranges. 

Revisit the mechanical classification to provide more 
discrete categories to better characterize remaining 
useful life. Separate building mechanical equipment 
from process mechanical equipment in the inventory. 

 Item 5 Pipelines are generally characterized as short life or 
long life. 

Provide additional granularity to the codes uses for 
pipeline by using material and service instead of 
location or length. 

Item 6 The assumption is that the Site/Civil category is 
intended to include grading, paving, storm drainage as 
well as potentially other improvements. 

Provide additional granularity for this classification to 
better characterize the remaining useful life. For 
instance, the lifespan provided is likely too short for 
grading, but too long for pavement.  

Item 7 The standard useful life code for water quality 
laboratory equipment seems high at 20 years. If not 
inaccurate or broken at 20 years, laboratory 
equipment might be outdated or unable to 
communicate with current technology. 

Consolidate the water quality laboratory equipment 
into one code for the “Useful Life” calculations. The 
City was already aware of this problem and has taken 
steps to resolve the issue  

Item 8 Electrically-related asset classifications have a wide 
range for Useful Life, ranging from 15 to 36 years, 
depending on the code assigned. 

Electronic assets should be assigned a typical standard 
useful life no longer than 10 to 15 years, with 
exception to transformers, which should be rated for 
30 years.  
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Table 3. Asset Inventory Recommendations1 
Observations and Recommendations 

Observation 
Number Observation Recommendation 

Item 9 For assets that are predominantly manufactured of 
plastic (e.g., HDPE piping and polyethylene chemical 
tanks), there does not seem to be an asset code 
category that can be uniformly applied. 

Change mechanical asset code to include plastic-based 
equipment with a Remaining Useful Life calculation 
that does not exceed 20 years. 

1Many of these recommendations are addressed in ongoing projects in 2016 or in the 2017-2018 CIP.  

Semper Water Treatment Facility  
Discipline Condition Assessment  
A condition assessment of Semper was conducted on July 14, 2015 by staff experienced in the structural, 
process mechanical, electrical, and instrumentation and controls engineering disciplines. The purpose of this 
detailed plant evaluation was for each discipline expert to evaluate the treatment processes and plant 
infrastructure, identify potential issues, and provide recommendations for future CIPs.  

In general, Semper is in good condition from a treatment and infrastructure standpoint; most projects 
identified are a result of the plant’s age. Specific observations are discussed below within the discipline 
evaluations.  

Overall, the City’s asset inventory accurately reflects capital project needs at both Semper and NWTF. 

Structural 

Filtration 
In the filter gallery, four 4-foot diameter pipes connect the filter effluent clearwells. These pipes have aged 
and do not allow for isolation of trains for maintenance or repair. This is a concern originally identified by 
City staff. A potential solution would be to encase the pipe in concrete so, should the pipe fail, the concrete 
encasement would act as the conduit connecting the clearwells. However, this does not resolve the filter 
isolation problem, and adds the potential challenge of pumping concrete over a long distance to the middle 
of the lower level of the filter gallery.  

Backwash Lagoons 
The exposed concrete above the high water level at the backwash lagoons has deteriorated over time. 
Additionally, the clay liner is buckling and sinking beneath the concrete. The concrete could be removed and 
the clay liner repaired and re-compacted before the replacement concrete slab is poured to combat the 
effects of aging. However, in the short-term, the concrete below the typical water levels in the lagoons 
appears to be in good condition, and no further structural repairs would be expected at the lagoons.  

Major items came out of the condition assessment; however, the interior of the water holding basins, such 
as the sedimentation basins and filters, were not examined. If Semper were to continue in operation for an 
extended period of time, these basins would need to be drained and thoroughly inspected to ensure no 
other structural-related CIPs would be needed.  
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Process Mechanical 
Numerous potential CIPs were identified by City staff and the discipline evaluation. These projects and 
issues are separated by treatment process below for clarity.  

Flocculation/Sedimentation 
The City previously identified corrosion on exposed areas of the plate settlers in the sedimentation basins as 
an area of concern. As a result, the exposed metal is being replaced with stainless steel coated with epoxy 
for corrosion resistance. This project is currently ongoing and, once completed, no additional projects are 
expected to be needed to address this issue. 

In addition to corrosion of the exposed areas of the plate settlers, City staff expressed concern about 
potential corrosion of the structural beams supporting the plates. As the basins were all online at the time of 
the condition assessment, these plates could not be evaluated. An inspection of the support beams would 
be required when the basins can be taken offline. The assumption is the integrity of the support beams 
would not be compromised by this corrosion, and the corrosion could be removed through sandblasting and 
refinishing of any corroded beams.  

Currently, hydraulic flocculation at Semper occurs in the influent pipes upstream of the sedimentation basin. 
Without mechanical flocculation, the performance of the sedimentation process could potentially be 
impacted during high turbidity events, e.g., a wildfire upstream of Standley Lake (as discussed in the Plant 
Performance Desktop Evaluation TM). During the treatment challenge periods evaluated in the Plant 
Performance Desktop Evaluation TM, high raw water turbidities did result in settled water turbidities 
exceeding City’s goal of meeting Partnership for Safe Water settled water turbidity goal. Mechanical 
flocculation at Semper may help the plant meet Partnership for Safe Water settled water turbidity goals 
during scenarios where the plant is operating at increased flows and with higher than average raw water 
turbidity. To implement this, horizontal flocculators could be installed in the large quiescent zone upstream 
of the plate settlers in the sedimentation basin. Two flocculators per basin with associated baffle walls could 
be installed at tapering mixing intensities to help improve the formation and settling of floc particles. If the 
selected Water Treatment Location Alternative is reliant on the plant operating under challenge conditions 
at flow higher than typical plant flows, it is recommended that the City conduct high loading rate challenge 
testing to determine whether mechanical flocculation would be needed to maintain water quality goals.  
The north sedimentation basins are experiencing issues with sludge pumping. The sludge pumps are located 
above the basins on the upper gallery slab, creating net positive suction head problems that prevent 
consistent pump priming. The south trains have below-grade pumps located in a vault and are operating 
without issue. A similar sludge pumping vault constructed for the north trains with new pumps, valves, and 
piping would eliminate this issue.  

The south sedimentation sludge pump vault is having issues with accumulation of solids clogging the 
Keystone valves, along with a lack of flushing capabilities. A potential solution to this would be to replace 
the Keystone valves with a different style of valve, e.g., a plug valve, that is more suitable for solids 
applications to avoid clogging and seating issues. Modifications to the suction header pipe to allow for a 
flushing connection to periodically flush the line would also help prevent solids accumulation that may cause 
operational issues.  

Additionally, the north sedimentation trains do not have HVAC equipment to keep the building heated 
during the winter months. Since current winter flows don’t require both north and south sides of Semper 
remain online, the north sedimentation trains are taken offline each winter since the building cannot be 
heated. Lack of HVAC for sedimentation processes is not uncommon, as many other plants on the Front 
Range experience the difficulties associated with open air basins. However, forgoing installation of HVAC 
limits the operational flexibility to choose which trains operate during the winter months. Multiple options 
are available for projects to address this issue, as listed below:  
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• Operate the basins normally, and monitor performance and ice formation. 
• Install air stones with an air compressor to prevent surface ice formation at areas of stagnation around 

plates and Trac-Vac® cables. 
• Insulate the building to regulate internal temperatures. 
• Install full HVAC equipment to heat the building space. 

Many utilities in the Denver Metro area, including Aurora Water, have open air flocculation/ sedimentation 
basins that operate year-round without performance issues. During periods of extreme cold, Aurora Water 
drops air stones connected to air compressors into the basins to agitate the water surface to prevent ice 
formation with success. The options described above are listed in order of increasing cost and project scope 
to show a potential progression of projects to address this issue in the most cost-effective way.  

Filtration  
The filtration facility at Semper is composed of 26 filters with shallow filter beds with different underdrain 
designs and small surface areas. The shallow filter beds, while performing well currently, could potentially 
have turbidity breakthroughs and/or short filter run times under increased solids loading events. In addition, 
these filters have no air scouring or filter-to-waste capabilities. Addressing these issues with the current 
filter design is not possible due to the spatial constraints of the facility as currently constructed. Demolition 
of the existing filters to replace them with deep bed filters is a significant project in terms of both capital 
cost and scope, and would only be recommended if Semper was to remain in operation for an extended 
period of time.  
Conversion to deep bed filtration is laid out in more detail below:  
• Demolish existing filters 9 through 20 with removal of all concrete, piping, and instrumentation 
• Excavate existing facility an additional 4 to 6 feet to provide space for deeper filters and piping gallery  
• Replace existing filters 9 through 20 with 6 larger filters in the same footprint  
• Install 1 foot of sand and 6 feet of anthracite in each filter  
• Install new inlet, effluent, filter-to-waste, backwash, and air scour piping in each filter and pipe gallery  

To keep Semper in operation during construction, Filters 1 through 8 and 21 through 26 would remain in 
operation, but would significantly limit the peak capacity of the plant for the duration of the project. Once in 
place with 48 MGD of deep bed filtration, Filters 1 through 8 and 21 through 26 could be demolished to 
create additional footprint for treatment processes such as an ozone contact basin.  

Alternatively, Filters 1 through 14 could be retrofitted to increase media depth and consistency of filter 
underdrain type. This alternative could increase the depth of anthracite by approximately 1 foot and would 
provide for more robust filter performance in these original filters. This project includes:  
• Removing existing sand and anthracite filtration media 
• Removing the existing block clay underdrains and required layer of gravel supporting media  
• Replacing underdrains with Leopold block underdrains to match Filters 15 through 26 
• Installing new sand and anthracite media (including an additional 12 inches of anthracite)  

This project would not provide the same level of treatment as deep bed filtration, but would improve 
performance at a much lower cost without taking significant plant capacity offline for an extended period of 
time.  

The Cost-Benefit TM characterizes which alternatives include Deep Bed Filtration at Semper versus a retrofit 
of the filter underdrains in Filters 1 through 14. These mutually exclusive improvements are a function of the 
alternatives developed in the Alternatives Development TM.  
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Additional Miscellaneous Filter Improvements 
Filter 8 is currently not in operation and is considered a “dead” filter because of the influence the filter has 
on the combined effluent turbidity sample due to the proximity of the sample location to the filter effluent. 
This effectively turns the combined filter effluent sample into an individual filter effluent when Filter 8 is 
online and presents issues when the filter is brought online after a backwash. No simple solution was 
identified to address this issue as significant modification to the filter effluent piping or filter clearwell would 
be required, which is not practical. Therefore, it is recommended that Filter No. 8 remain offline.  

The standby filter backwash supply valve is currently manually operated, which has been identified by City 
staff as an operational issue. To address this, the City is replacing the manual backwash supply valve with an 
automated valve similar to the duty backwash supply system. 

Periods of heavy rain preceded the condition assessment site visit, and the increased humidity resulted in 
significant formation of condensation in the filter pipe gallery. To prevent moisture accumulating on the 
filter gallery pipes and surfaces to combat corrosion, additional ventilation equipment could be installed to 
increase the HVAC system air flow capacity.  

Chemical Storage and Addition 
The City has identified a lack of storage capacity at the lime storage silo. If Semper were to continue 
operation for an extended period of years without adequate storage volumes, the City could be impacted by 
interruptions in chemical delivery service or shortages of supply. A second storage silo, that matches the 
existing silo in size, would address this issue and provide adequate storage volumes of lime at Semper.  

The current sodium hydroxide feed at the influent junction box has a single feed point and is vulnerable to 
clogging of the chemical injectors. A nearly completed project is adding a sodium hydroxide feed point at the 
influent junction box to provide redundancy for the chemical feed and allow for replacement of injectors 
without losing the ability to feed sodium hydroxide continuously.  

High-Service Pump Station  
The HSPS currently has two 400-hp, low voltage (460V) pumps installed. There is an empty pump bay at the 
pump station available for installation of an additional low-voltage pump. The standby generator is capable 
of supplying power to the two existing low-voltage pumps, with capacity to also supply the new low-voltage 
pump. This would increase the firm standby generator pumping capacity of the HSPS from 10 to 20 MGD by 
providing a redundant low-voltage pump along with two duty pumps under normal power failure events. 
Major overhauls to the HSPS is a key project in the 2017 CIP.  

Electrical 
The motor control centers (MCC) for the plant are nearing the end of their useful lives. MCC-1 is original to 
the plant and need to be replaced. Plant revisions have eliminated many loads on the old MCCs, thus a 
replacement of MCC-1 could have a smaller capacity to meet the current loads. The panel boards and 
transformers in the electrical room of MCC-1 would also need to be replaced at the same time due to their 
age. MCC-2 is also nearing the end of its useful life and, if Semper were to continue long-term operation, 
would need to be replaced as well.  

The low voltage wiring has not been replaced since installation of the MCCs, and wiring replacement would 
be recommended as the MCCs are replaced. When a new MCC is installed, new power and control system 
wiring should be installed between the MCC and the end-use loads to address the age of the existing wiring.  

The City identified a potential undersized automatic transfer switch at the HSPS. This transfer switch will be 
further investigated to ensure it is properly sized as part of the 2017 Semper HSPS project. If an additional 
low-voltage pump is installed at the HSPS, the transformer serving the 480V system could exceed its rated 
capacity. An electrical load flow study should be conducted to determine whether the transformer is 
properly sized or should be replaced with a larger unit to meet low-voltage loads.  
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The HSPS has two utility transformers: one transformer to serve the 2400V system for the medium-voltage 
pumps and one to serve the 480V low-voltage pumps. Both transformers are approximately 20 years old, 
and could be nearing the end of their useful lives. The City has identified that lead times for replacement of 
the 2400V transformer are many months due the unique voltage of the transformer. This presents a 
potential issue should that transformer fail without an available replacement. A new 2400V transformer 
could be ordered to serve as a spare should the existing transformer fail. This would provide redundancy of 
critical electrical equipment at the HSPS. If, during the 2017 Semper HSPS project, it is determined that the 
two transformers (2400V and 480V) are daisy-chained and equally vulnerable in the event of a single failure, 
then City should have both transformers in stock as spares. 

Instrumentation and Controls  
The radio link between the HSPS and the Semper Supervisory Control and Data Acquisition (SCADA) system 
is susceptible to outside interference, and communications have been impacted previously. A more reliable 
communication link is needed at the HSPS. A buried or suspended fiber communication line to replace the 
radio link would provide a reliable communication signal to the SCADA system.  

Overall, the condition of instrumentation and controls was good, and no other CIPs or issues were identified 
by City staff or through the condition assessment.  

Single Points of Vulnerability 
The construction of Semper included some operational flexibility with few single points of vulnerability in 
the plant. The City requested that CH2M identify single points of failure at both plants so that an assessment 
can be made regarding the feasibility of addressing these as part of the alternatives development. Semper 
single points of vulnerability are summarized below. An explanation of how the vulnerability was considered 
is shown in parentheses. 
• Sodium hydroxide feed at the influent junction box that feeds both the North and South trains 

(Considered during CIP development) 
• Filtered effluent from combined filter clearwells to HSPS (under the railroad tracks) (Considered in the 

Non-monetary Analysis) 
• 2,400 volt transformer at HSPS, as well as the attached 480V transformer (Considered during CIP 

development) 
• Lime silo (Considered during CIP development) 
• Ferric tank (Considered during CIP development) 
• Ammonia tank (Considered during CIP development) 
• Piping to/from HSPS and system (Considered in the Non-monetary Analysis) 
• HSPS wet well and discharge header (Considered in the Non-monetary Analysis) 

Capital Improvement Project Recommendations  
Table 4 summarizes the potential CIP Recommendations based on the plant Inspection evaluations. During 
the time this TM was in development, the City was developing the scope for the 2015 Water Treatment 
Facility Improvements Project. That project included a list of miscellaneous Repair and Rehabilitation (R&R) 
projects.  

In an effort to comprehensively address the improvements identified during the plant inspections, those 
improvements that are likely to be addressed in the 2015 WTF Improvements Project are characterized in 
the attachment along with additional improvements identified from the plant inspections. Similarly, many of 
the initial improvements recommended were later eliminated because they were not in the scope of the 
Master Plan or because the City had already begun these improvements. Table 4 includes all improvements 
to Semper initially included in the project Cost Model along with an update on status. Improvements 
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characterized as “active” are considered for inclusion in the various alternatives developed in the Master 
Plan. Subsequent tables and TMs will narrow the improvements, but the original improvement identification 
(e.g., “Semper Project 6”) is maintained be consistency with the cost model. All improvements presented in 
this TM are narrowed and intelligently sequenced to be alternative specific in the Alternatives Development 
TM. The intent of this TM is to summarize the master list of improvements generated from the plant 
Inspections along with an initial draft of recommended timing.  
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Table 4. Capital Improvement Project Recommendations for Semper   

Project Identification Status Project Scope Description Timeframe 
Associated Failure 

Matrix ID 

Semper Project 1 Out of Scope Raw Water, Standley Lake Outlet Box. - - 

Semper Project 2 Out of Scope Raw Water, Raw Water Conveyance. - - 

Semper Project 3 Already in 
Progress 

Raw Water, Water Quality (e.g., fire in watershed). - - 

Semper Project 4 Recommended 
Pending further 
Evaluation 

Install mechanical flocculation in quiescent zone upstream of plate settlers for improved 
flocculation/sedimentation performance under increased solids loading. 

Short-Term F5 

Semper Project 5 Already in 
Progress 

Complete replacement of exposed areas of settling plates with epoxy coated stainless steel. - - 

Semper Project 6 Already in 
Progress 

Inspect corrosion of structural beams supporting plate settlers. Sandblast and refinish, or 
replace as needed.  

- - 

Semper Project 7 Recommended Add a new sludge pumping vault for the north sedimentation basins with new sludge pumps, 
valves, and piping to eliminate suction lift issues of current pumps.  

Short-Term F15 

Semper Project 8 Recommended At the south sludge pumping vault, replace existing Keystone valves with a valve type more 
suitable for sludge piping. Design a flushing system to flush the suction header routinely to 
prevent accumulation of solids. 

Short-Term F15 

Semper Project 9 Recommended Flocculation/sedimentation, sedimentation basin dewatering pumps (south side). Short-Term  

Semper Project 10 Recommended Flocculation/sedimentation, flow to each sed basin is not evenly split. Solution is providing 
readjustment or leveling weirs. 

Short-Term  

Semper Project 11a Recommended Flocculation/sedimentation, north side sed basin heating, 1) run and monitor performance and 
ice formation. 

Short-Term  

Semper Project 11b Recommended Flocculation/sedimentation, north side sed basin heating, 2) air stones could be used to prevent 
ice formation (e.g., at sludge collectors). 

Short-Term F12 

Semper Project 11c Recommended Insulate the North sedimentation facility and monitor winter performance.  Mid-Term F19 

Semper Project 11d Recommended Install full HVAC system at North sedimentation basins to heat building space in winter.  Mid-Term F19 
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Table 4. Capital Improvement Project Recommendations for Semper   

Project Identification Status Project Scope Description Timeframe 
Associated Failure 

Matrix ID 

Semper Projects 12, 
18 and 19 

Recommended Replace Filters 9-20 with six larger, combined deep bed filters equipped with filter to waste and 
air scour piping.  

Mid-Term F5 

Semper Project 13a Recommended Retrofit gravel-less underdrains in Filters 1-14 and increase anthracite media depth by 
approximately 1 foot.  

Short-Term F5 

Semper Project 14 Recommended Concrete encase vulnerable filter effluent piping connecting filter clearwells.  Short-Term F18 

Semper Project 15 Recommended Filters, filter influent pipe (goes through old clearwell). Short-Term  

Semper Project 16 Already in 
Progress 

Filters, Filter backwash – replace existing 14-inch manual valve with automated valve.  - - 

Semper Project 17 Eliminated Filters, Eliminate “Dead Filter” No. 8 (skews combined filter effluent turbidity measurements). - - 

Semper Project 18 Combined with 
Project 12 

Add air scour if transitioning to deep bed filters due to increased depth of media.  - - 

Semper Project 19 Combined with 
Project 12 

Redesign filters using a more typical area per filter (e.g., eliminate 26 tiny filters). - - 

Semper Project 20a Recommended  Provide additional ventilation and modifications to the existing filter pipe gallery HVAC system 
to reduce moisture and corrosion potential.  

Short-Term F19 

Semper Project 20b Recommended Recoat rusted pipe gallery piping. Short-Term F19 

Semper Project 21 Recommended Replace the existing backwash lagoon reclaim pumps with new pump technology and piping.  Short-Term F12 

Semper Project 22 Recommended Remove existing concrete above the high water level at the backwash lagoons, repair the clay 
liner, and replace the concrete slabs.  

Short-Term F17 

Semper Project 23 Eliminated  Add UV disinfection, as originally planned.  - - 

Semper Project 24 Recommended Disinfection, baffling upgrades. Short-Term  

Semper Project 25 Eliminated Chemical feed, provide storage and metering redundancy on all critical chemicals. - - 

Semper Project 26 Recommended Add a second lime storage silo to match the existing silo for increased storage capacity. Short-Term F14 

Semper Project 27 Recommended Add additional sodium hydroxide feed point at the influent junction box for redundancy.  Short-Term F13 
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Table 4. Capital Improvement Project Recommendations for Semper   

Project Identification Status Project Scope Description Timeframe 
Associated Failure 

Matrix ID 

Semper Project 28 Eliminated I&C, raw water vault flowmeters. - - 

Semper Project 29 Recommended Add a fiber communication line from the HSPS to SCADA system.  Short-Term F10 

Semper Project 30 Recommended Replace MCC-1 with a new MCC along with new panel boards and transformers. Short-Term F4 

Semper Project 31 Recommended As MCCs are replaced, replace power and control system wiring between MCCs and end-use 
loads.  

Short-Term F4 

Semper Projects 32 
and 35 

Already in 
progress 

Upsize HSPS automatic transfer switch, if needed.  - - 

Semper Project 33 Recommended Order a new 2400V transformer to serve as a warehouse spare for aging HSPS medium-voltage 
transformer. Equipment purchase only.  

Short-Term F3 

Semper Project 34 Eliminated Electrical, corroded electrical boxes. - - 

Semper Project 35 Already in 
progress with 
Project 32  

Install a third low-voltage 400 hp pump at the HSPS to increase firm pumping capacity when on 
standby generator power. 

- - 

Semper Project 36 Recommended Rapid mixing improvements. Short-Term F5 

Semper Project 37 Recommended Solids handling upgrades. Long-Term F15 
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Northwest Water Treatment Facility  
Discipline Condition Assessment 
The NWTF electrical condition assessment was conducted on August 12, 2015. The process mechanical, 
mechanical, and I&C condition assessment was conducted on September 2, 2015. The condition assessments 
were conducted by staff experienced in process mechanical, mechanical, electrical, and instrumentation and 
controls engineering disciplines. These staff determined that a detailed structural condition assessment would 
not be necessary based on the age of the plant. The purpose of this detailed plant evaluation was for each 
discipline expert to evaluate the treatment processes and plant infrastructure, identify potential issues, and 
provide recommendations for future CIPs.  
In general, NWTF is in good condition from a treatment and infrastructure standpoint, and most projects 
identified are to improve the operational reliability of the plant and matching City’s long-term database. Specific 
observations are discussed below within the discipline-specific evaluations.  

Structural 
Overall, the structural components of NWTF were in good condition. No other projects or issues were identified 
by City staff or through the plant inspections.  

Process Mechanical 
While NWTF was originally designed as a peaking plant, history has shown that long-term shutdowns are not 
good for plant operations. A recent long-term shutdown led to stainless steel pinholes developing in the piping 
on the membrane racks. Stainless steel pitting and corrosion seems to occur more rapidly if the plant is not run 
more than once per week. No CIP project is assumed as the original eight membrane racks were replaced in 
September 2015. 
Pre-Treatment 
The City feeds potassium permanganate as an oxidant to the raw water line coming into NWTF with an operator 
setpoint of 550 to 650 mV for the oxidation reduction potential (ORP). The potassium permanganate chemical 
feed system is an auger feed system with constant water flow rate. The system is on a slow control loop that 
results in long lag times when changing the dose, which results in inadequate manganese oxidation. With the 
2016 R&R projects for NWTF, the City will likely move the potassium permanganate injection point downstream 
of the sleeve valve while improving the reliability of the auger feed system. No CIP project is assumed as it is 
anticipated that the 2016   project will address the current issues with the chemical feed system.  
The sleeve valve on the raw water line is regulated by the water level transducers in the flocculation basin and 
sedimentation basin. City staff is concerned regarding reliability and redundancy if the water level transducer 
should fail. A CIP project is recommended that includes replacing the existing water level transducer and also 
adding a second water level transducer at both locations to address concerns regarding reliability and 
redundancy. 
Flocculation/Sedimentation 

A WaterChamp provides induction mixing for the Aluminum Chlorohydrate (ACH) that is used as the coagulant 
and fed in-line at the raw water valve. City staff expressed concern regarding whether adequate mixing of the 
coagulant is provided upstream of the flocculation basin. A CIP project is recommended to replace the 
WaterChamp with an in-line rapid mixer. 
The NWTF is approved as a direct filtration plant, meaning that raw water from Standley Lake can be treated via 
the membranes only, without the use of the flocculation and sedimentation train. In practice, City staff indicated 
that the preference is to operate the plant in conventional mode with the use of flocculation and sedimentation 
to regulate the water quality going to the membranes. City staff also indicated that the operational performance 
of NWTF is optimized at approximately 8 MGD, well below the plant’s rated capacity of 20 MGD. A CIP project is 
recommended to add a second flocculation and sedimentation train that is based on the same design criteria as 
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the original flocculation and sedimentation train. If NWTF is to be run at higher flows for sustained periods of 
time in the future, settled water turbidities will most likely exceed the City’s water quality goals. The Plant 
Performance Desktop Evaluation TM showed that settled water turbidities at NWTF frequently exceeded the 
City’s goal of 2.0 NTU when flows exceeded 8 MGD.  
Membrane Filtration 
There are several issues that hinder the City’s ability to complete a Clean-in-Place (CIP) procedure or an Air 
Scour Reverse Flow (ASRF) to clean the membranes. First, rinse water is limited to 60 gpm so an ASRF or CIP 
takes a long time as the Pall system is designed to utilize 600 gpm. With the 2016 R&R projects for NWTF, the 
rinse water capacity issue is anticipated to be addressed with the “ASRF connection to HSPS” project that is 
included in the scope of work. However, City staff would like to improve the efficiency of the compressed air 
system that is used in the ASRF as well as increase the storage capacity of the compressed air system by adding 
an additional air storage tank. A CIP project is recommended that includes replacing the last remaining original 
LeRoi compressor with a newer, more efficient SullAir model, similar to the other two that have already been 
replaced, as well as replacement of the remaining PneumaTech refrigerated dryer with a SullAir model similar to 
the two that are already in service. The scope of the project would also include the addition of another air 
storage tank to the system. 
Chemical Feed Systems 
In general for the chemical feed systems, City staff indicated that the control systems were in need of 
improvement and that they would prefer the existing PVC chemical feed piping be replaced with stainless steel 
pipes where chemically compatible. City staff is working on the replacement of chemical feed piping and also 
included several projects related to replacement of critical portions of piping in the 2016 R&R projects for 
NWTF. A series of CIP projects are recommended to address the following items associated with each of the 
chemical feed systems: 
• ACH Feed System: Replace existing two pumps and the ultrasonic level sensors in the storage tank while also 

looking for opportunities to improve the control of this system. 
• Sodium Hypochlorite Feed System: Replace the resin coating in the storage tanks. In addition, provide piping 

connections for the spare pump and plumb a connection to the clearwell influent to provide additional 
reliability and redundancy for this critical chemical. Replace the existing three pumps with three new pumps 
including control system upgrades, provide a shelf spare pump for the Pall CIP system, replace ultrasonic 
level indicators in the storage tank and replace remaining PVC portions of the piping system. 

• Aqueous Ammonia Feed System: Replace the existing two pumps including control system upgrades. In 
order to address the single point of failure associated with the chemical feed point, add a secondary 
chemical feed point at the influent to the clearwell. 

Clearwell 
A concern was raised by City staff regarding potential measures to employ to provide operational redundancy in 
the event that radar level sensor in the clearwell malfunctioned. The radar unit was installed several years ago 
to replace the original ultrasonic unit that had issues with providing reliable reading when icing was occurring in 
the clearwell. The level readings from the radar unit are used to control the high-service pumps. A CIP project is 
recommended to add pressure transducers to the suction side of each of the pumps to protect the pumps in the 
event that the radar unit malfunctioned.  
According to City staff the interior and exterior of the clearwell must be re-coated at a fairly frequent interval 
(on the order of 8 to 12 years). The process to complete the coating project is fairly lengthy which would mean 
an extended plant shutdown for NWTF approximately every 10 years. A CIP project is recommended to provide 
a serpentine bypass pipeline which would allow the appropriate disinfection contact time be provided to 
achieve a 4-log virus removal credit with the next coating project for the clearwell. 
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Plant Drain System 
In a recent sanitary survey, the Colorado Department of Public Health and Environment (CDPHE) indicated that 
additional protection of Waters of the State should be provided for the floor drain system. Currently the floor 
drain system is routed to the sanitary sewer system, but a cross-connection to the storm sewer system exists, 
meaning that a chemical spill could be released to adjacent waterways. A CIP project is recommended to 
eliminate this cross-connection and ensure that the floor drain system is routed to the sanitary sewer. 

Mechanical 
Providing adequate ventilation and cooling to the electrical room is problematic if the Make-up Air Unit (MAU) 
that serves the electrical room shuts down for any period of time longer than 30 minutes. City staff expressed 
concern about the fact that if the MAU shuts down for longer than 30 minutes, the entire plant will shut down 
due to overheating in the electrical room. An inspection of the electrical room indicated that an exhaust fan is 
not currently provided which could facilitate ventilation of this critical room in the event of MAU shut down. In 
addition, City staff indicated that a separate CIP is underway to provide redundant MAUs for as back-up to the 
existing MAUs.  

City staff also indicated that the membrane room is typically very cool. To improve ventilation and heat transfer 
between the mechanical room and the adjacent membrane room it is recommended a transfer grille be added. 
Transfer grilles from other high heat load areas such as the electrical room and the data recovery room behind 
the control room were not included due to the additional code requirements for providing fire dampers 
between these areas. 

Electrical 
The emergency generator has sufficient capacity to power NWTF as well as the sleeve valve on the raw water 
interconnect. Under typical plant operations, 64 percent of the emergency generator’s capacity is utilized. Plant 
operations staff report that they have never exceeded 75 percent of generator capacity. The generator was 
observed to be in good condition. 

The utility transformers at the NWTF are owned by Xcel Energy. No issues were observed with utility 
transformers. 

As previously noted, the MCC represents a single point of failure. A potential solution would be to spread 
redundant equipment loads across multiple MCCs. However, an additional MCC is an expensive approach to 
mitigate a minor risk. Even with multiple MCCs, other single points of failure exist and would remain including 
the automatic transfer switch and main switchboard. In addition, the existing Electrical Room is too small to 
accommodate an additional MCC. If another MCC were added to the facility, the adjacent Carbon room 
(currently used for storage) would likely need to be reconfigured to accommodate an enlarged Electrical Room. 
Prior to proceeding with work to add MCCs, CH2M recommends that the City perform a reliability analysis to 
evaluate the risk of plant loss due to other failure mechanisms and consider the improvement in plant reliability 
for the cost. 

NWTF does not appear to have, as a part of its overall Electrical Safety Program, arc flash (and electric shock) 
awareness labeling on electrical equipment. CH2M recommends that the City conduct an Arc Flash Study at 
NWTF. Based on the results of the arc flash study, provide arc flash and shock hazard labels on appropriate 
equipment. 

Instrumentation and Controls  
Overall, the condition of instrumentation and controls was good, and no other improvements or issues were 
identified by City staff or through the condition assessment.  
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Single Points of Vulnerability 
The City requested that CH2M identify single points of failure at both plants so that an assessment can be made 
regarding the feasibility of addressing these as part of the alternatives development. NWTF single points of 
vulnerability are summarized below. An explanation of how the vulnerability was considered is shown in 
parentheses. 
• Raw water pipeline (considered during CIP development). 
• Raw water sleeve valve and pressure transducer (being addressed by the City). 
• Electrical System: single MCC, automatic transfer switch, main switchboard (considered during CIP 

development). 
Note: Spread redundant equipment loads across multiple MCCs. 

• HVAC system: system failure in electrical room can shut down the plant (considered during CIP 
development). 

• Single aqueous ammonia injection point in clearwell (considered during CIP development). 
• Radar unit on clearwell (considered during CIP development). 
• Clearwell (considered during CIP development). 
• Multiple pipeline single points of failure: raw water line into plant, suction and discharge for HSPS, 

membrane rack feed and to clearwell (considered during CIP development and the Non-monetary Analysis). 
Note: Engineering practice is not to parallel all pipes at the plant site as it is not typically the pipes 
themselves that fail, but appurtenances such as valves. However, critical pipelines that are located outside 
of the plant site, such as the single raw water line feeding NWTF should be addressed. 

• Single caustic tank (considered during CIP development). 
• Potassium permanganate auger feed (being addressed by the City). 
• Single water level transducer in the flocculation and sedimentation basin (considered during CIP 

development). 

Capital Improvement Project Recommendations  
Many potential CIPs were identified in the sections above, and the potential projects listed in this section are 
projects that are recommended for continued operation of NWTF, regardless of the ultimate fate of the plant. 
The CIP recommendations are listed in Table 6. The potential timing for each project is listed in the table as a 
short-term, mid-term or long-term project. Short-term projects are those recommended for completion within 
the next three years and are also outside the scope of the 2016 “Repair & Replacement (R&R)” projects that are 
currently underway. For reference, the list of 2016 R&R projects is provided in the attachment. 
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Table 6. Capital Improvement Project Recommendations for NWTF   

Project 
Identification Status Project Scope Description Timeframe 

Associated Failure 
Matrix ID 

NWTF-1 Active Provide an inline mechanical mixer to improve coagulant mixing upstream of the flocculation basin. Short-Term F12 

NWTF-2 Active Replace the existing water level transducers in the flocculation and sedimentation basins and also install 
redundant set of water level transducers to provide additional reliability and redundancy as these level 
transducers control the sleeve valve operation on the raw water line. 

Short-Term F11 

NWTF-3 Ongoing Improve the performance of the air system for membrane ASRFs by replacing the existing LeRoi 
compressor with a SullAir 50-hp compressor on a VFD to use as the primary compressor during normal 
operation so that the compressor can run in the optimum VFD range and improve efficiency. The scope 
of this project also includes increasing air storage by adding another air storage tank. 

Short-Term F11/F16 

NWTF-4 Ongoing Replace the remaining PneumaTech refrigerated dryer with a SullAir model similar to the two that are 
already in service at NWTF. 

Short-Term F11/F16 

NWTF-5 Active Coagulant Feed System: Replace existing two pumps, improve control system, and replace ultrasonic 
sensors in tanks. 

Short-Term F13 

NWTF -6a Active Sodium Hypochlorite Feed System: replace resin coating in the storage tanks. Short-Term F13 

NWTF-6b Active Sodium Hypochlorite Feed System: Provide piping connections for the spare pump and plumb to 
clearwell Influent, replace existing three pumps with three new pumps including control system 
upgrades, provide a shelf spare pump for the Pall CIP system, replace ultrasonic level indicators on tanks, 
and replace PVC chemical feed piping. 

Short-Term F13/F18 

NWTF-7 Active Aqueous Ammonia Feed System: Replace existing two pumps including control system upgrades. To 
address the single point of failure associated with the chemical feed point, add a secondary chemical 
feed point on Clearwell influent. 

Short-Term F13 

NWTF-8 Active Caustic Feed System: Replace the existing FRP tank with two stainless steel tanks that are equipped with 
ultrasonic level indicators, replace the existing two pumps and provide a shelf spare pump for the Pall CIP 
system, improve control system. 

Short-Term F13 

NWTF-9 Active Modify floor drains to eliminate the cross-connection to the storm sewer system to provide protection to 
Waters of the State by ensuring floor drains are only directed to sanitary sewer. 

Short-Term F5 

NWTF-10 Active Add four pressure transducers to the suction side of each of the HSPS pumps (to provide equipment 
protection backup to the radar level readings in the clearwell).  

Short-Term F11/F12 

NWTF-11a Active Install a serpentine bypass pipeline to allow the appropriate contact time to be provided for 4-log virus 
removal credit. 

Mid-Term F17/F20 

NWTF-11b Active Recoat clearwell. Mid-Tem F17/F20 
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Table 6. Capital Improvement Project Recommendations for NWTF   

Project 
Identification Status Project Scope Description Timeframe 

Associated Failure 
Matrix ID 

NWTF-12 Active Conduct an arc flash study and provide arc flash and shock hazard labels on appropriate equipment. Short-Term Not Applicable 

NWTF-13 Active HVAC: Add a transfer grille to improve ventilation between the mechanical room and membrane room. 
Add an exhaust fan to the electrical room in the event the MAU serving the electrical room goes down in 
order to mitigate temperature rise in the electrical room. 

Short-Term F19 

NWTF-14 Recom-
mended 
Pending 
further 

Evaluation 

Increase flocculation/sedimentation capacity to facilitate membrane performance by adding a second 
flocculation/sedimentation train on the north side of the membrane room based on same design criteria 
as the original flocculation/sedimentation train.  

Mid-Term F12 

NWTF-15 Active New raw water pipeline. Mid-Term F7 
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Additional Treatment Considerations for NWTF and Semper  
In addition to the potential projects identified for each plant above, the footprint required for additional 
treatment facilities should be considered for long-term operation at either facility as recommended (but not 
required) by the City’s Water Quality Goals. Should regulations require increased removal of TOC, reduced 
disinfection byproduct formation, or removal of contaminants of emerging concern (CECs), taste and odor or 
algal toxins, footprint should be kept available for additional treatment processes. These are further discussed 
below. 

Presedimentation 
A wide spot for presedimentation may offer an opportunity for removal of increased solids during an emergency 
event and/or the potential to treat for taste and odor or compounds of emerging concerns. Neither plant 
currently has room for presedimentation in their hydraulic profiles and/or footprints; if Semper were to be 
reconfigured, this form of additional treatment could be considered depending on the reconfiguration of the 
selected alternative. 

Ozone Addition 
The decision to implement ozone oxidation would yield multiple water quality benefits including peroxidation of 
organics such as DBP precursors and CECs, an additional barrier for taste and odor compounds, and potentially 
assist in manganese control. At Semper, ozone addition would require a considerable facility footprint for an 
ozone contact basin. If the filters were rebuilt with the deep bed filters as discussed previously, those six filters 
would provide 48 MGD of filtration capacity and would allow for Filters 1 through 8 or 21 through 26 to be 
potentially demolished to provide footprint for the ozone contactor. Further evaluation would be required to 
determine the optimal location of the ozone contactor and impacts to the overall hydraulics of the plant. 
Similarly, ozone could be considered at NWTF, but might require some unique vertical construction and/or 
purchase of additional land. Further evaluation would be required to determine the optimal location of the 
ozone contactor and impacts to the overall hydraulics of the plant. The synergistic benefits in organics reduction 
across ozone-enhanced biological filtration would be lost at NWTF since that plant uses membrane filtration. As 
a result, ozone addition at NWTF might have less benefit on finished water quality.  

UV Disinfection  
There is concern about the potential for increased natural organic matter (measured as TOC) in the Standley 
Lake raw water supply. One alternative to relying on CDPHE enhanced coagulation alternative compliance 
criteria is to use UV disinfection in lieu of chlorine to lower the regulated disinfection byproduct yield. The UV 
facility at Semper would not fit into the hydraulic profile of the water treatment facility and would need to be 
placed at the HSPS. A high-pressure UV facility would need to be designed and constructed adjacent to the HSPS 
to provide up to 44 MGD of UV disinfection capacity. Chloramines could be continued as a secondary 
distribution system residual. At NWTF, UV was considered by another consultant and a footprint was provided 
between Membrane Racks 8 and 9. However, further evaluation with modern UV equipment sizing 
requirements would be needed to determine viability and implications on hydraulic profile.  

Summary  
Upon inspection of the plants during the rapid visual screens as well as the detailed condition assessment site 
visits, City staff demonstrated a good understanding of the visible and apparent condition-based projects. This 
TM summarizes condition-based improvements identified by staff along with CH2M engineering staff and 
characterizes some proposed modifications for City’s in-house asset inventory along with a high-level 
assessment of the timing of the respective projects (coarsely grouped into near-, mid-, and long-term time 
frames). It should be noted that the timing and inclusion of the projects identified in this TM evolves as these 
improvements are clustered into logical water treatment location alternatives developed in subsequent TMs.  
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ATTACHMENT 

2016 WTF Improvements R&R Projects 
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Table A-1. 2016 WTF Improvements R&R Projects  

Project 
Identification Project Scope Description Associated 

Failure Matrix ID 

Semper WTF 

Lime Feed R&R Repair/replace dust collection equipment. 

Replace mechanical mixing equipment including mixers, motors, inclusion of a cam lock 
power connection, mixing tanks, and new hoist to facilitate install/removal of heavy 
equipment. 

The existing mixers have bolted lids. Replacement mixers will have hinged lids. 

A spare motor will be included. 

Replace/repair to the lime building roof. 

Re-coat the exterior of the stainless-steel lime silo. 

Replace portions of the lime trough manifold and gates. The existing FRP material has 
warped. 

Replace the lime shaker system. 

Replace the plastic valves with stainless steel valves. 

F13 

Filtration R&R Filters 1 through 26 primary backwash feed control system. The more modern of two 
backwash feed control system has critical equipment that is in need of repair. A pressure-
reducing valve (the sleeve valve) broke in 2012 and was repaired, but the valve is worn and 
replacement parts are no longer available. A new replacement valve is required. 

Filters 1 through 26 redundant (backup) backwash system. The original backwash feed control 
system needs to be renovated. The project will replace the original valves and piping with 
more accurate, flow resolution motorized valves linked to the plant’s computer SCADA 
system. 

Filters 1 through 26 surface wash feed system. The surface wash feed pumps are at the end of 
their useful lives and must be replaced. Some piping modifications adjacent to the pumps will 
be required. Piping that feeds the filters should be evaluated for replacement. All piping, pivot 
arms, and nozzles should be replaced in all of the filters. Backwash filter weirs need 
replacement for Filters 1 through 26. 

Filters 1 through 8 influent distribution header valve replacement. The existing 24−inch 
influent header distribution valve has exceeded its useful life and must be replaced. 

Filters 15 through 26 filter to drain. A 3-inch filter to drain valves must be added/installed on 
12 filter effluent lines.  

Filters 15 through 26 replace media. Filter media (sand and anthracite) must be replaced for 
Filters 15 to 26. Filters 15 to 26 have 27 inches of anthracite on top of 12 inches of sand.  

Filters 1 through 14 should be topped off with anthracite.  

Materials testing on filters. Conduct both sand and anthracite testing on Filters 1 through 26 
to document current media condition for future planning. 

F12, F13 

Sedimentation 
Basin R&R 

Replace existing stainless-steel baffles and weir plates and, in particular, their structural 
connections to the basin walls with epoxy-coated stainless steel. 

F13 

Ferric Chloride 
Piping 

Replace ferric storage tank feed piping and ferric pump discharge piping with PVC. Replace 
discharge piping that is overhead and up to and through the chemical building exit point. 

F14 

Bulk Caustic Soda 
Storage Tank Fill 
Piping 

Replace both caustic soda storage tank fill piping lines with stainless-steel piping and 
stainless-steel valving. 

F14 

Sodium 
Permanganate 
Piping 

Replace PVC bulk tank overflow piping on the sodium permanganate system with Chem Pro-
Line or stainless-steel piping. 

F14 
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Table A-1. 2016 WTF Improvements R&R Projects  

Project 
Identification Project Scope Description Associated 

Failure Matrix ID 

North Sed Basin 
Chemical Injection 
Junction Box 
Piping 

Replace the north sedimentation basin chemical injection junction box piping and injector. 
The piping in the injection junction box (from the pipe chase to junction box only) is clogged 
with chemical precipitate and needs to be replaced. 

F14 

NWTF  

Caustic Piping R&R Approximately 200 feet of overhead chlorinated polyvinyl chloride (CPVC) caustic piping 
requires replacement with stainless steel. Double-containment piping with sight boxes at low 
points is desired. Tie in to the existing and new stainless steel piping and replace the existing 
plastic injector with a new stainless-steel injector. 

 

Sodium 
Hypochlorite R&R 

Approximately 30 feet of replacement pipe is required from the hypochlorite room to the 
injection point at the post-filtration location. Double-containment piping with sight boxes at 
low points will be designed. A new injector is needed. 

 

ASRF connection 
to HSPS 

The NWTF membrane Air Scour Reverse Flush (ASRF) connection to the HSPS discharge with a 
Backflow Preventer (BFP) with manually operated isolation valves. 

 

Potassium 
Permanganate 
System 

The potassium permanganate system needs an assessment of the desired feed location and 
replacement of components as needed for the assumed revised injection location. Staff has 
expressed concern about high chemical feed-pump discharge pressures (80 psi) and below-
grade chemical feed piping. The new design will avoid or mitigate these concerns and provide 
overall improvements, to be identified, to the permanganate system. Relocating the injection 
point to downstream of the sleeve valve is currently considered the best way to proceed. 

 

Sedimentation 
Basin Leakage 

The sedimentation basin has experienced some minor leakage and requires repair. It is 
assumed that a DeNeef product will be injected into the cracks. 

 

24-Inch Plant 
Influent Bailey 
Sleeve Valve 

Design the installation of the owner-purchased, 24-inch Bailey Sleeve Valve. The design will 
include a structural concrete footing system, electrical power connection, and appropriate 
instrumentation and controls. It is anticipated that the new valve can fit in the existing space. 
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Regulatory and Source Water Quality Impacts 
PREPARED FOR: City of Westminster 

PREPARED BY: CH2M HILL 

DATE: August 5, 2016 

Purpose and Outcomes 
The purpose of this technical memorandum (TM) is to characterize the quality of the existing source water 
to be treated by the City of Westminster (City) and discuss current and known future water quality 
regulations as they apply to the City. Finished water quality is discussed in the Plant Performance Desktop 
Evaluation TM.  

The following are summarized herein: 
• City of Westminster raw water supply water quality data
• Current and future regulations and resultant impacts on this Master Plan
• Potential impacts of unforeseen events like fire, flood, and pine beetle deforestation

The major findings associated with this work include the following:
• Based on the data provided for CH2M review, the City of Westminster is in compliance with all water

quality regulatory requirements reviewed herein.
• The City conducts a robust raw water quality monitoring program that, based on existing data review,

fully complies with the Colorado Department of Public Health and Environment (CDPHE) Water Quality
Control Commission’s Regulation 11 – Colorado Primary Drinking Water Regulations (CDPHE 2015) and
other applicable regulations. Additional water quality monitoring recommendations developed for the
City as part of this project are included in Attachment 1.

• Original Cryptosporidium sampling data place the City of Westminster in Bin 1 for the Long Term 2
Enhanced Surface Water Treatment Rule (LT2ESWTR), and no additional treatment processes are
required for Cryptosporidium inactivation. Resampling to determine whether the City will remain in
Bin 1 is underway; routine non-compliance sampling indicates that the City should remain in Bin 1.

• The City currently meets the alternative compliance criteria for Stage 1 DBPR total organic carbon (TOC)
removal, indicating that enhanced coagulation is not required at this time. (See the Plant Performance
Desktop Evaluation TM for more discussion on enhanced coagulation.)

• With the exception of the chronic selenium standard and the dissolved iron standards, Standley Lake is
generally in compliance with CDPHE Water Quality Control Commission Regulation 38 Classifications and
Numeric Standards for South Platte River Basin, Laramie River Basin, Republican River Basin, Smoky Hill
River Basin (CDPHE, 2016), and water quality standards for Segment 2 (Standley Lake) of the Big Dry
Creek Basin.

• Future challenges for the City are not driven by current regulations but by changing source water quality
and potential future regulations. Within the Clear Creek watershed, large stands of dead trees killed by
pine beetles may increase source water TOC, nutrient loading, and algal growth. Aggravation of forest
fires by the dead and weakened trees may severely exacerbate these trends. While current levels of
these compounds are treatable with current unit processes, the City should continue to monitor the
source waters closely to anticipate treatment requirements and plan for future process improvements.
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• The City’s solids handling lagoons at the Semper WTF should be classified as exempt from the Waste
Impoundment Regulation; however, if they have not already done so, the City should confirm this
classification with the CDPHE Hazardous Materials and Waste Management Division.

• Stakeholder meetings are ongoing regarding updating the Technologically Enhanced Naturally Occurring
Radioactive Material (TENORM) policy; the City should follow the progress of these meetings and adjust
sampling of solids if needed to address this future policy.

• The raw and finished water TOC sampling required to demonstrate alternative compliance with the
enhanced coagulation regulations should continue. As discussed in the Plant Performance Desktop
Evaluation TM, it is more practical and cost effective for the City to optimize treatment to meet one of
the alternative compliance criteria than it is to implement enhanced coagulation. Continued monitoring
of alternative compliance parameters such as raw and finished TOC is recommended to identify
potential trends that might indicate treatment modifications may be necessary in the future.

• Watershed protection and lake management is worthwhile to characterize long-term trends as well as
to ensure a consistent raw water quality. Currently Standley Lake water is treatable by both the
Northwest and Semper Water Treatment Facilities; however, a fire in the Clear Creek watershed or blue-
green algal blooms in the reservoir could compromise the treatability of the water.

• Participation in the Watershed Protection Program saves the City in terms of both capital and ongoing
operational costs each year.

• Standley Lake bypass water can be significantly more difficult to treat than water from Standley Lake.
The City has recently established a standard operating procedure for using the Standley Lake Bypass that
should help reduce the treatment challenges that occur when switching supplies. Regular sampling and
potential bench-scale testing of Standley Lake Bypass water should occur prior to pilot testing for a new
water treatment plant if a new water treatment plant is advanced as part of the preferred alternative
from this Master Plan.

Source Water Quality 
The City is served by a high-quality water supply that originates on the mountain peaks of the Continental 
Divide. The Semper Water Treatment Facility (Semper) and Northwest Water Treatment Facility (NWTF) 
draw water from Standley Lake, which is filled with surface water flows primarily from Clear Creek. Snow 
melt from the watershed flows down Clear Creek and is transported to the lake via three separate canals: 
Church Ditch, Farmers’ High Line Canal, and Croke Canal. Standley Lake can also receive water from Coal 
Creek by way of the Kinnear Ditch Pipeline. The Kinnear Ditch Pipeline also connects to Denver’s South 
Boulder Diversion Canal, which enables Westminster to take delivery from Denver’s Moffat system via a 
separate contract. Water quality can vary due to a host of factors, including spring runoff, nutrient inputs to 
the lake, reservoir operations, as well as various issues within the basin such as forest fires. 

In addition to the Standley Lake supply, raw water deliveries from the Farmers’ High Line Canal can also be 
made directly to the raw water pipeline that feeds Semper and NWTF via the with the new 48-inch Standley 
Lake Bypass raw water pipeline shown in Figure 1. Standley Lake bypass water can be significantly more 
difficult to treat than water from Standley Lake. The City has recently established a standard operating 
procedure for using the Standley Lake Bypass that should help reduce the treatment challenges that occur 
when switching supplies. Regular sampling and potential bench-scale testing of Standley Lake Bypass water 
should occur prior to pilot testing for a new water treatment plant if a new water treatment plant is 
advanced as part of the preferred alternative from this Master Plan.  
On the treated water side, there are two interconnects with Denver Water’s treated water supply to the City 
of Westminster’s treated water distribution system that could be used to supply portions of the City in an 
emergency situation.  
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Figure 1. Standley Lake Bypass Project 

For regulatory and monitoring purposes, the City of Westminster collects samples for various inorganic and 
organic parameters. Table 1 summarizes 10 years of water quality data for a variety of parameters in 
Standley Lake. Standley Lake water is generally a high quality supply, having a neutral pH, low turbidity, and 
low TOC.  

Table 1 also compares the data to both the U.S. Environmental Protection Agency (EPA) drinking water 
standard maximum contaminant levels (MCLs) and to Colorado Department of Public Health (CDPHE) Water 
Quality Control Commission Regulation 38. Regulation 38 lists the surface water quality classifications and 
numerical standards for South Platte River Basin, Laramie River Basin, Republican River Basin, and Smoky Hill 
River Basin. Parameters that are in exceedance of the regulatory limits are highlighted with bold font in 
Table 1.  

If the reservoir concentrations exceed the MCL standards, the City of Westminster would need to reduce the 
amount of the exceeding parameters in the water through treatment. If the reservoir concentrations exceed 
Regulation 38 water quality standards, this would be an indication of impairment and could result in 
Standley Lake being added to the monitoring and evaluation list as part of a determination process as to 
whether it should be included on Colorado’s Section 303(d) list of impaired waters (Regulation No. 93). 
Currently, Standley Lake is not on Colorado’s Section 303(d) list for any water quality standard.  
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The conclusions that can be drawn from the data presented in Table 1 are as follows: 
1. The Standley Lake raw water supply to Semper and NWTF meets the MCL or secondary MCL (as

appropriate) for the following parameters: arsenic, barium, chloride, chromium, copper, fluoride, nitrate
and nitrite, pH, selenium, silver, sulfate, TDS, thallium, and zinc.

2. The Standley Lake raw water supply does not meet the MCL or secondary MCL (as appropriate) for the
following parameters: iron, manganese, and turbidity. Pre-oxidation before flocculation and
sedimentation aid in the removal of iron and manganese, while turbidity is reduced through filtration.

3. The City of Westminster has a robust monitoring plan for a wide range of currently regulated
contaminants. Attachment 1 includes recommendations for consideration for the few compounds that
the City does not currently monitor.
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Table 1. Water Quality Parameter Range in Standley Lake from 2004 to 2014 
Sampling Location: Standley Lake, 1 Meter from Bottom 

Parameter 
Regulatory Limits Water Quality Sampling Results 

EPA MCL1 CDPHE Regulation 382 Range Average No. of Samples 

Alkalinity (mg CaCO3/L)3 NS NS 43 – 62 (NWTF) 
43 – 61 (Semper) 

52.2 (NWTF) 
52.2 (Semper) 

113 (NWTF) 
124 (Semper) 

Aluminum (µg/L) 50 – 200* NS <20 – 570 <20 3 

Ammonia-N (mg/L)7 NS Warm WaterAcute = 17.0  
Warm WaterChronic, (4/1 to 8/31) = 4.6 
Warm WaterChronic, (9/1 to 3/31) = 5.9 

0.01 – 0.56 0.09 179 

Antimony (µg/L) 6 NS <0.001-<0.002 <0.002 11 

Arsenic (µg/L) 10 340 (ac) 
<0.1 - 7 1.3 53 

0.02 (ch, Trec) 

Barium (µg/L) 2000 39.6 – 60 50.2 48 

Beryllium (µg/L) 4 4 (ch) <1 <1 24 

Boron (mg/L) NS 0.75 (ch) No data provided 

Cadmium (µg/L)6 5 3.14 (ac), 0.48 (ch) 
5.0 (ac, Trec) 

<0.5 <0.5 48 

Calcium (mg/L) NS NS 24-38 20.1 45 

Chloride (mg/L) 250* 250 5-37.3 29.0 76 

Chlorine (mg/L) MRDL = 4 (as Cl2) 0.019 (ac), 0.011 (ch) <0.01 <0.01 68 

Chlorophyll-a (µg/L) NS 4 (MWAT) 0.7 – 13.9 3.1 201 

Chromium (µg/L) 100 NS <0.2 – 5 2.53 47 

Chromium III (µg/L) NS 648 (ac), 84 (ch) 
50 (ac, Trec) 

No data provided 

Chromium VI (µg/L) NS 16 (ac), 11 (ch) No data provided 

Conductivity (μohms/cm) NS NS 208-375 295 222 

Copper (µg/L)6 1300, 1000* 15.6 (ac), 10.2 (ch) 0.95 – 10 2.36 26 

Cyanide (mg/L) 0.2 0.005 (ac) No data provided 

E. coli (#/100mL) Test Positive4 126 (MWAT) <1-206 24 111 

Fluoride (mg/L) 4.0, 2.0* NS 0.5-0.72 0.64 39 

Hardness-Total (mg CaCO3/L)  NS NS 76 – 172 117 113 

Iron (µg/L)  300* 300 (WS, ch) 50 – 1600 438 48 
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Table 1. Water Quality Parameter Range in Standley Lake from 2004 to 2014 
Sampling Location: Standley Lake, 1 Meter from Bottom 

Parameter 
Regulatory Limits Water Quality Sampling Results 

EPA MCL1 CDPHE Regulation 382 Range Average No. of Samples 

Lead (µg/L)6 15 76.6 (ac), 3.0 (ch) <0.2 – 3 1.8 47 

Manganese (µg/L)6 50* 3146 (ac), 1738 (ch) 
50 (WS ch) 

12 – 2500 549 49 

Mercury (mg/L) 0.002 0.00001 (ch, Tot) <0.000009 - <0.001 0.00025 30 

Molybdenum (µg/L) Not Regulated 150 (ch, Trec) 2.2 – 41 7 20 

Nickel (µg/L)6 NS 534.8 (ac), 59.4 (ch) <5 <5 36 

Nitrogen, Nitrate + Nitrite (mg/L) 10 (Nitrate – N) 10 (ac) 0.01 – 0.31 0.08 177 

1 (Nitrite – N) 0.5 (ch) 

Total Nitrogen (mg/L) NS NS 0.15 – 0.86 0.34 221 

Oxidation Reduction Potential (SU) NS NS -225 – 528 180 218 

Oxygen, Dissolved (mg/L) NS 5.0 mg/L (MWAT) 0.12 – 13.7 7.2 176 

pH (SU) 6.5-8.5* 6.5-9.0 (DM) 6.1 – 9 7.6 221 

Phosphorus (µg/L) NS NS 2.6 – 159 21.6 217 

Selenium (µg/L)6 50 18.4 (ac), 4.6 (ch) <0.09 – 87 5.3 45 

Silver (µg/L)6 100* 2.7 (ac), 0.4 (ch) <0.5 <0.5 34 

Solids, Total Dissolved (mg/L) 500* NS 110-210 163 65 

Solids, Total Suspended (mg/L) NS NS <1 – 32 8.1 122 

Solids, Volatile Suspended (mg/L) NS NS <1 – 13 2.3 65 

Strontium, Total (mg/L) NS NS 0.21-0.22 0.21 4 

Sulfate (mg/L) 250* 250 (WS, ch) 36.4-67.4 48.6 51 

Temperature (°C)6 NS Jan – Mar: 13.3 (MWAT), 14.6 (DM) 
Apr – Dec: 26.5 (MWAT), 29.3 (DM) 

1.4 – 17 Jan – Mar: 3.6 
Apr – Dec: 10.9 

222 

Thallium (µg/L) 2 NS <0.001-<0.002 <0.001 11 

Total Organic Carbon (mg/L)  NS NS 1 – 2.7 1.9 49 

Turbidity (NTU) 0.3 NS 1 – 60.3 10.9 220 

Uranium (picocuries/L) 30 µg/L 3 (tot, ch) N/A 1.4 1 

Zinc (µg/L)6 5000* 164 (ac), 142 (ch) <10-140 18.5 49 

Gross Alpha (picocuries/L) NS 6 0-4.5 1.5 63 
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Table 1. Water Quality Parameter Range in Standley Lake from 2004 to 2014 
Sampling Location: Standley Lake, 1 Meter from Bottom 

Parameter 
Regulatory Limits Water Quality Sampling Results 

EPA MCL1 CDPHE Regulation 382 Range Average No. of Samples 

Gross Beta (picocuries/L) NS 9 0-6.8 1.9 62 
1EPA Maximum Contaminant Level. Standards noted with an asterisk in this column denote a Secondary Maximum Contaminant Level as defined in the National Secondary 
Drinking Water Regulations (NSDWRs). 
2CDPHE Regulation 38 water quality limits presented in table are based on the Big Dry Creek basin, Segment 2, Standley Lake. All metals are dissolved unless otherwise noted. 
3As measured from the raw water pipelines to each plant. 
4A routine sample that is E. coli-positive triggers repeat samples—if any repeat sample is E.coli-positive, the system has an acute MCL violation. 
5City data provided was below detection limit. To perform data analysis, half of the detection limit was taken as an estimate of the actual concentration. 
6Regulation 38 Table Value Standard based on hardness, assumed hardness = 117 mg/L. 
7Regulation 38 Table Value Standard based on pH and Temperature, assumed pH = 7.6, Temp = 10.7°C (4/1 to 8/31), 8.8°C (9/1 to 3/31). 
Notes: 
Definitions are as follows: ac = acute standard, ch = chronic standard, Trec = total recoverable form, MWAT = maximum weekly average temperature, DM, daily maximum, NS = no 
standard, tot = total form, WS = water supply 
Parameters in bold indicate raw water sample results in exceedance of a regulatory standard. 
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Inorganic and Metal Parameters 

The reservoir testing revealed compliance with most of the primary drinking water standards for the 
inorganic and metal parameters during the period examined. However, the ranges in Table 1 indicate that 
select reservoir water quality parameters may periodically exceed the secondary drinking water standards 
(i.e. iron, manganese, and to a lesser extent selenium) as well as occasionally the pH standard. While the pH 
within the reservoir can sometimes increase beyond the drinking water standards, routine chemical addition 
within the facilities brings the pH to within the suitable range.  

Recommendation: Consider expanding Standley Lake water quality monitoring program to include aluminum 
(Attachment 1). 

Total Organic Carbon 

The information presented in Table 1 shows no immediate concern with regards to total organic carbon 
content in Standley Lake. 

Natural Organic Matter 

All water supplies inherently have various levels of inorganic, organic, anthropogenic, and biologic content 
(Reckhow and Singer 1990). The organic content, often called natural organic matter (NOM), often acts as a 
disinfection byproduct (DBP) precursor by reacting with disinfectants commonly used for microbial 
inactivation to form harmful compounds, that is, DBPs.  

There are numerous components of NOM, but humic substances make up a significant portion of NOM 
content (Gaffney, Marley, et al. 1996). Hydrophobic humic substances are believed to play the largest role in 
the formation of THMs, HAAs, and other DBPs (Liang and Singer 2003). The TOC concentration in a water 
sample is used as a surrogate for the humic content because TOC content is much easier to measure.  

The characteristics of NOM, such as molecular weights distribution and aromaticity, affect the type and 
concentration of DBPs that are formed. The aromatic content of NOM can be estimated by the specific 
ultraviolet absorbance (SUVA), which is calculated using the ultraviolet absorbance at 254 nm and dissolved 
organic carbon concentration (DOC) (Chin, Aiken, et al. 1994). NOM content with higher SUVA values are 
considered to be more hydrophobic and aromatic, having higher molecular weights and humic content, and 
these characteristics are linked to higher DBP formation potentials (Edzwald and Van Benschoten 1990, 
Liang and Singer 2003).  

Recommendation: Consider expanding Standley Lake water quality monitoring program to include SUVA 
(Attachment 1). 

Health Impacts 

Chlorinated disinfection agents such as chlorine and chloramine are oxidizing agents used to destroy 
pathogenic microbes, to oxidize taste/odor-forming compounds, and to form a disinfectant residual so 
water can reach the consumer tap safe from microbial contamination. However, these disinfectants may 
react with naturally present fulvic and humic acids, amino acids, and other natural organic matter, as well as 
iodide and bromide ions, to produce a range of disinfection byproducts (DBPs), including several emerging 
DBPs such as halonitromethane (HNM) and haloacetonitrile (HAN). 

Although the first identification of a DBP, chloroform (trichloromethane, TCM), occurred in 1974 (Rook 
1974), it was not until 2 years later that the National Cancer Institute (NCI) characterized chloroform as a 
carcinogen (National Cancer Institute 1976). NCI exposed laboratory animals to DBPs to establish the 
potential to produce adverse health effects (National Cancer Institute 1976). Subsequent toxicological 
studies found that laboratory animals exposed to DBPs suffered from cancer of the liver, kidney, and large 
intestine, as well as negative reproductive and developmental health effects (Boorman 1999). 
Epidemiological studies indicated that individuals who were exposed to DBPs through long-term 
consumption of chlorinated drinking water experienced increased risk of bladder, colon, and rectal cancers, 

https://en.wikipedia.org/wiki/Disinfectant
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Chloramine
https://en.wikipedia.org/w/index.php?title=Disinfectant_residual&action=edit&redlink=1
https://en.wikipedia.org/wiki/Fulvic_acid
https://en.wikipedia.org/wiki/Humic_acid
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and also reproductive and developmental problems, such as low birth weight (Nieuwenhuijsen, Toledano, et 
al. 2000; Anders, Bull, et al. 2004; Villanueva, Cantor, et al. 2004). Other studies further substantiate the link 
between extended exposure to THMs and bladder cancer (Cantor 1997). Some researchers have determined 
that when studying rodents, carcinogenicity occurs more often in the form of liver cancer rather than 
bladder or colorectal cancer (Anders, Bull, et al. 2004). Risk for colon cancer has been found to be twice as 
great in males that were exposed to chlorinated (THM levels ≥50 μg/L) waters for over 40 years than males 
who were exposed for less than 10 years (King, Marrett, et al. 2000). Alternately, cancer risk has shown a 
stronger correlation to inhalation of chlorinated water vapor, such as during showers, rather than ingestion 
(Villanueva, Cantor, et al. 2007). In addition, brominated DBPs have been found to be more carcinogenic and 
genotoxic than their chlorinated analogues (WHO 2000). Toxicological evaluations of unregulated DBPs have 
indicated that certain classes of DBPs may be more toxic than THMs and HAAs. For example, Plewa reported 
halonitromethane (HNM) compounds are significantly genotoxic and cytotoxic to mammalian cells, but that 
brominated nitromethanes were more so than chlorinated nitromethanes (Plewa, Wagner, et al. 2004). 
Daniel reported that chlorinated and brominated haloacetonitrile (HAN) compounds are genotoxic in human 
DNA cells and possibly carcinogenic (Daniel, Schenck, et al. 1986). 

Recommendation: The City of Westminster should continue the practice of monitoring TOC in the raw water 
to evaluate the potential for DBP formation. Further, it is recommended that a one-time sampling be 
performed for the DBP classes of HNM and HAN compounds to determine the presence or absence of these in 
the finished water supply (Attachment 1). 

TOC in Standley Lake 

Natural events can cause seasonal increases in TOC values. For example, melting snow in spring causes a 
first “flush” of the forest floor, picking up higher concentrations of NOM that reach Clear Creek. Changes in 
the Clear Creek watershed from pine beetle kill, forest fires, and climate change could also influence TOC 
concentrations, as well as the manmade effects from treated sewage. Since approximately 2007, TOC levels 
as measured in the City of Westminster’s monitoring of the Standley Lake raw water supply are relatively 
low, averaging 1.78 mg/L. Figure 2 shows the TOC measured in Standley Lake during the monitoring period 
extending from 2004 through 2014, including a period of elevated TOC concentrations that was observed 
between 2004 and 2006 with average concentrations closer to 3 mg/L. However, it should be noted that the 
Standley 1 Meter from Bottom and Standley Composite Photic Zone samples were collected via a different 
sampling technique. The City of Westminster uses the Standley Raw Water Pipeline samples for regulatory 
compliance monitoring.  

The amount of TOC in the finished water must be minimized to lessen DBP formation, help reduce bacterial 
re-growth in the distribution system, and meet regulatory requirements. However, many factors 
significantly affect the efficacy of removing TOC through water treatment, such as the characteristic of NOM 
content, temperature, type and dose of coagulant, and pH.  

Recommendation: Continue the regulatory-driven monitoring program established for TOC in the raw water 
and finished water supplies.  
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Figure 2. TOC concentrations in Standley Lake from 2004 to 2014 

Organic Chemicals 

The CDPHE Primary Drinking Water Regulation (Regulation No. 11) requires that a supplier initially conduct 
quarterly monitoring of volatile organic compounds (VOCs) or synthetic organic compounds (SOCs) at each 
entry point into the system. After this point, if the results were less than or equal to the cited detection limit 
for each parameter, then sampling may be decreased to an annual sampling event at the entry point. It is 
assumed that the City of Westminster is compliant with the regulatory sampling requirements; however, the 
data were not provided. 

Recommendation: No change to City of Westminster’s water quality monitoring program for organic 
chemicals.  

Iron and Manganese 

Dissolved iron and manganese can oxidize to a precipitant in the treatment process and, upon entering the 
distribution system, give water an unpleasant taste, odor, and color. Iron causes reddish-brown stains on 
laundry, porcelain, dishes, utensils, glassware, sinks, fixtures, and concrete, while manganese can cause 
“brown water” episodes, resulting in customer complaints. The precipitated solids can also negatively affect 
filter operation within the water treatment plant. The concentrations of iron and manganese will vary 
seasonally as the reservoirs stratify and destratify, increasing when the lower level (hypolimnion) becomes 
anoxic and anaerobic bacteria become active. 

The average dissolved iron concentration in the raw water from Standley Lake is 438 µg/L, nearly 1.5 times 
higher than the secondary MCL of 300 µg/L. The average dissolved manganese concentration in Standley 
Lake is 549 µg/L, which is over 10 times higher than the secondary MCL of 50 µg/L. While raw water can 
exceed the secondary MCLs for iron and manganese, the iron and manganese concentrations in the finished 
water is typically compliant with the secondary MCLs. The City of Westminster utilizes various methods to 
reduce manganese and iron concentrations as follows: 
• Semper WTF uses sodium permanganate and Northwest WTF uses potassium permanganate as a pre-

oxidation step to precipitate iron and manganese prior to flocculation and sedimentation.
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• While not typically utilized, the Standley Lake intake is a multi-level intake that could allow City of
Westminster to preferentially select the reservoir zone to be used. In practice, the City of Westminster
nearly always takes water from the hypolimnion to maintain the trophic status and minimize manganese
build-up in Standley Lake. Elevated iron and manganese levels can coincide with increased phosphorus
in the hypolimnion and cyanobacterial blooms in the epilimnion. Therefore, optimum intake selection
should be based on a variety of water quality parameters and should not necessarily be dictated by the
lowest iron and manganese concentrations.

Recommendation: No change to City of Westminster’s water quality monitoring program for iron and 
manganese. Dissolved and total forms of iron and manganese are sampled on a monthly basis at the Semper 
Raw Water Pipeline and NWTF raw water pipeline, and four times a year at the Standley 1 meter from 
Bottom location (January, June, August, and October). 

Physical and Biological Concerns 

Along with chemical parameters, the City monitors Standley Lake for biological pathogens and algal growth. 
Two biological pathogens monitored by City of Westminster and regulated by EPA are Giardia and 
Cryptosporidium. Algae are also monitored by microscopic analysis and through chlorophyll-a concentration 
as an indicator of reservoir health and as a predictor of taste and odor (T&O)-causing compounds. 

Giardia and Cryptosporidium 

Based on information provided by the City of Westminster, the first round of Cryptosporidium testing was 
conducted in 2012. Giardia and Cryptosporidium were sampled at the head of Semper and NWTF to 
determine compliance with LT2ESWTR. No Cryptosporidium was detected and the City’s source water supply 
was classified as Bin 1, meaning no additional treatment is necessary to comply with LT2ESWTR. The second 
round of testing is currently underway and is scheduled to end in December 2016. To date, no 
Cryptosporidium has been detected in this round of testing.  

While ecological changes in the watershed, operational changes with regard to Standley Lake, and seasonal 
changes all have the potential to impact source water quality, Giardia and Cryptosporidium concentrations 
are anticipated to remain at low levels in the water supply and continued classification as Bin 1 is 
anticipated. 

Recommendation: The City of Westminster should complete the second round of source water monitoring 
scheduled (December 2016) to confirm the Bin 1 classification, per the Monitoring Plan provided to CDPHE. 

Algae 

Algae can also increase organic carbon and contribute to filter plugging. Simplistically, green algae are 
beneficial and provide a food and oxygen source, while cyanobacteria (i.e., blue-green algae) are 
problematic, contributing to T&O problems as well as algal toxins, which are an emerging concern. As 
different types of algal growth can have a significant impact on water quality, the City of Westminster 
routinely monitors algal concentrations and species, alerting WTF operations to potential water quality 
issues. 

Recommendation: City of Westminster should continue its monitoring programs for algae to enable planning 
for improvements in process and operations necessary to meet finished water targets. 

MIB and Geosmin 

MIB and Geosmin are naturally occurring compounds produced by blue-green algae and actinomycetes 
(filamentous bacteria). When these organisms die and decompose, geosmin is released into the water. 
Geosmin imparts an earthy odor to the water and can be detected by the most sensitive noses at extremely 
low concentrations (5 ng/L or 5 ppt). Geosmin does not pose a public health risk, but its presence in treated 
drinking water can cause customers to feel that their drinking water is unsafe or unhealthy.  
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While MIB and geosmin data from the City of Westminster were not provided as part of this data review, the 
results from a United States Geological Survey (USGS) report from 1993 (Mueller and Ruddy 1993) indicated 
that no T&O problems developed in Standley Lake during the study period. No geosmin or MIB was detected 
in any of the water samples collected between Jun 21, 1989 and October 30, 1990 (Mueller and Ruddy 
1993). The analytical techniques to quantify the low levels of geosmin were not developed until the late 
1990s, so the historic database for geosmin concentrations is relatively small. However, anecdotal 
information provided by City confirms the USGS report with low concentrations of MIB and geosmin. 

Recommendation: The City of Westminster should add MIB and Geosmin to its monitoring program if the 
City’s existing algal monitoring program in Standley Lake indicate the presence of blue-green algae 
(Attachment 1).  

Impact of the Watershed Protection Program 

The City participates in the Clear Creek and Standley Lake Watershed Agreement regarding water quality 
protection of the upper Clear Creek watershed and Standley Lake. The goal of the Watershed Protection 
Program is to protect both of these resources as a water supply for more than a quarter-million people and 
to maintain Clear Creek as an aquatic and recreational resource. Concepts addressed in the program 
requirements include:  
• Water Quality Monitoring
• Water Quality Policy, Planning, and Management
• Water Quality Best Management Practices (including supporting efforts by permitted wastewater

treatment works to reduce nutrient loads to Clear Creek)
• Funding Water Quality-Related Actions

Participation in the Watershed Protection Program offers a number of benefits, including non-monetary 
(e.g., increased citizen education and stakeholder involvement) and financial benefits to the City. As a result 
of the water quality benefits (i.e., reduced nutrient load) from the Watershed Protection Program, the City 
does not need to regularly treat water for taste and odor at Semper. To quantify the benefit of this avoided 
treatment, an order-of-magnitude conceptual cost estimate was completed based on what it would take to 
implement taste and odor control at each plant today. If a fully operational Powered Activated Carbon (PAC) 
facility for taste and odor control were implemented for seasonal use at Semper, the construction cost could 
be $1.9 million, operation and maintenance costs of as much as $300,000 per year, and PAC solids disposal 
costs (2015 dollars) of about $74,000 per year. 

Often, the abrasive nature of PAC is too damaging to membrane filtration systems to be considered at 
treatment plants like NWTF. However, PAC is permitted in the Pall Microza membrane filtration system 
though operational modifications (excess recirculation) may be required depending on the carry-over in the 
settled water. The cost of a PAC facility at NWTF would be around $1.2 million dollars in construction, 
$118,000 per year in operation and maintenance, and an estimated $17,000 per year for PAC solids disposal. 
These costs demonstrate that participation in the Watershed Protection Program saves the City in terms of 
both capital and ongoing operational costs each year.  

Watershed Risk Factors 

Watershed risk factors that could affect City of Westminster include climate change, pine beetle 
deforestation, wildfire, invasive species, spills on adjacent roadways, urbanization, and abandoned mine 
drainage. 
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Climate Change 

Much climate change research is focused on watershed management and the impacts on the quantity and 
timing of water availability. Climate change simulations show reduced precipitation and earlier spring snow 
melt statewide, the impacts of which will stress reservoir and conveyance systems. Additional projections 
that could impact water quality are listed in former Governor Bill Ritter’s 2007 Colorado Climate Action Plan 
– A Strategy to Address Global Warming:

• Longer and more intense wildfire seasons. Fires are
projected to claim more land each year than the year
before.

• Midwinter thawing and much earlier melting of
snowpack. The seasonal changes could cause
flooding and place added stress on reservoirs in the
form of higher nutrient and bacteria content, and
sediment loading that otherwise would not occur.

• Much lower flows in rivers in the summer months and
a greater vulnerability to drought. Already over-used
river systems could have an even harder time filling
existing water rights and meeting future growth
requirements. Hydropower production may also
decline, and water quality could suffer as flows are
depleted.

• Insect attacks in forests. Warmer winter temperatures
reduce winterkill of beetles, warmer summer
temperatures promote faster insect lifecycles, and
summer droughts further tip the advantage, making
forests more vulnerable. Gypsy moths may invade
aspen groves.

To successfully adapt to higher temperatures and the resulting consequences, continued research is 
necessary to anticipate changes and prepare for emergencies. The impacts of forest fires and pine beetle 
infestation on water quality are detailed below. In general, climate change may result in increased TOC, 
increased nutrient loading, and increased algal growth resulting from cumulative effects on watersheds.  

Recommendation: Through the implementation of the Section 1.2.1 recommendations in addition to the 
continuation of the City’s existing raw water quality monitoring program, the effects of climate change can 
be monitored.  

Pine Beetle Deforestation 

Since 1996, 3.4 million acres of forest have been impacted by the mountain pine beetle. Spruce beetles are 
also devastating state forests, with active infestations occurring on 485,000 acres throughout the state in 
2014. The impact of large areas of dead pine trees on water quality and quantity is difficult to predict, but 
could be significant. 

The pine beetle infestation has led to extensive tree die-off, which results in direct hydrologic consequences 
on watersheds, including altered flow trends, increased soil erosion, and increased nutrient concentrations 
in runoff water. Tree die-off reduces the forest canopy density, which reduces snow interception/ 
accumulation, increases sublimation rates, and advances the melting time of snow. Tree needle 
accumulation on forest floors may also reduce the snowpack and advance snowpack depletion (Pugh and 
Gordon, 2012). In drier forests, tree mortality may result in reduced run-off, especially from spring snow 
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melt as the increased organic material, such as tree needles and wood mulch, serve to increase the 
infiltration capacity of the soil (Adams, et al., 2012).  

The additional decomposing organic matter on the forest floor from dying trees has been seen to increase 
the concentration of nutrients, such as dissolved organic matter (DOM) and TOC, in run-off that can affect 
waterways and water treatment systems. A study by Beggs and Summers (2011) looked at the effects of 
leachates from lodgepole pine needle decomposition on waterways and found that freshly leached DOM 
had a lower potential for DBP precursor formation, while leachate that had resided in the surface water for 
a longer period of time formed an aromatic DOM that contained higher concentrations of DBP precursors. 
Authors of the study concluded that a utility that diverts water further downstream from beetle-impacted 
areas may find their source water to have more aromatic DOM with higher concentrations of DBP 
precursors. The study found that the fresher (younger DOM) leachate was not readily removed by 
coagulation; however, the older, more aromatic DOM containing the DBP precursors was removed by 
coagulation (Beggs and Summers 2011). 

Stednick and Jensen (2008) suggest that an increase in nutrient concentrations, especially nitrate nitrogen, is 
possible, having been observed in several watersheds that had severe dieback. In terms of water quantity, 
Stednick and Jensen (2008) suggest that extensive forest dieback would probably increase annual water 
yield in watersheds that have even-aged forests and that receive more than about 20 inches per year of 
precipitation. Watersheds with uneven-aged forests could experience little change or even a decrease in 
annual water yield as understory vegetation could effectively utilize increased soil moisture. Watersheds 
that receive less than 20 inches per year of precipitation are not likely to exhibit a measurable response in 
terms of annual water yield. Probably most significant is that, as a result of the pine beetle kill, the forest is 
becoming increasingly subject to forest fires (Neary 2005), which have a dramatic effect on water quality. 

Recommendation: The City of Westminster should continue the existing program for monitoring DOM and 
nitrogen species in the canals that feed Standley Lake.  

Wildfire 

Wildfire occurring in the source water watershed areas may result in significant water quality issues 
depending on the severity of the fire in terms of its intensity and area of influence. The impacts of a fire may 
be seen for multiple years depending on the frequency and intensity of subsequent precipitation events and 
the recovery period for the watershed to establish new growth and ground cover. According to a study by 
MacDonald and Stednick (2003), “Wildfires pose the biggest threat to water quality....In severely burned 
areas peak runoff rates can increase by a factor of 10 or more, while erosion rates can increase by 100 times 
relative to unburned areas.” With 22.6 million acres of forest in the State, or 32 percent of the land area 
(MacDonald and Stednick, 2003), forest fires represent a significant risk to Colorado watersheds. 

According to the National Research Council of the National Academies (Hydrologic Effects of a Changing 
Forest Landscape, 2008), forest fires can affect a variety of water quality parameters, including temperature, 
pH, TOC, DOC, dissolved oxygen (DO), nitrogen, and phosphorus. After a forest fire, water stream 
temperature may increase, which has been attributed to removal of the riparian canopy that shades 
waterways. Fires burn vegetation, which mobilizes organic material and increases erosion rates, resulting in 
increased organic carbon in waterways. The combination of increased organic carbon and increased 
temperature in streams can lead to reduced concentration of dissolved oxygen in waterways. Diffusion of 
smoke and particulate matter from fires into surfaces waters has been linked to increased nitrogen under 
active fire conditions. Ash deposition can increase the pH and phosphorus concentrations of streams; in 
most cases these increases did not exceed standards for drinking water. Fire retardants used during fire-
fighting can also have a long-term effect on waterways by leaching nutrients that contribute to algal blooms 
as well as organics that can lead to DBP formation. By closing the headgates of Standley Lake reservoir 
during and immediately following wildfire, the concentration of fire-fighting related flame retardants can 
hopefully be reduced. 
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Forest fires result in increased sediment erosion rates. Soil chemistry changes during a high-intensity fire 
have been seen to increase a soil’s water-repellency, which serves to increase run-off volumes and peak 
flows. Coniferous trees leak waxy residue to forest floors, which causes coniferous forests to have a more 
water-repellant floor than other forests. During a high-intensity fire, this waxy material seeps deeper into 
the soil, resulting in a deeper layer of water-repellency. A study by MacDonald and Stednick (2003) found, 
“Data from the Front Range suggest that there is little recovery by the second summer after burning, but the 
higher runoff and erosion rates should decline to near-background levels by 3-4 years after burning. Percent 
bare soil appears to be the dominant control on post-fire erosion rates, so treatments that immediately 
increase the amount of ground cover are most likely to be effective in reducing post-fire erosion rates.” 
Post-fire salvage logging has been seen to further increase erosion rates and delivery of sediment to streams 
due to disturbance from truck traffic and additional loss of vegetation (National Research Council on the 
National Academies, 2008). 

Historically, the Standley Lake watershed has remained relatively unaffected from forest fires. With no prior 
incidents with fire in the watershed, data is not available to analyze the long-term effects on Standley Lake 
water quality if there were a wildfire upstream. Given that the City of Westminster would be in a vulnerable 
position if a wildfire were to occur near Clear Creek or its tributaries, data from comparable surrounding 
watersheds was taken to support recommendations going forward. The cities of Denver and Aurora recently 
completed extensive study regarding the effects of fire on source water quality. Although both cities mainly 
draw from the Upper South Platte and Cherry Creek watersheds, the combined results from Aurora Water’s 
research on drought management and Denver Water’s comprehensive Watershed Management Plan 
provide valuable insight to prepare Semper and Northwest Treatment facilities in the event of a wildfire in 
the Clear Creek watershed.  

The Upper South Platte and Cherry Creek watersheds are similar enough to the Clear Creek watershed that 
the data gathered by Denver and Aurora is valid. The Cherry Creek headwaters flow down from rural open 
space along the Palmer Divide in similar fashion to Clear Creek’s descent off the Continental Divide. Both the 
Upper South Platte and Upper Clear Creek headwaters originate in the mountains at elevations of around 
14,000 feet. Once at lower elevations, these headwaters enter reservoirs or lakes that feed large urban 
zones with high populations. Unlike the Clear Creek watershed, however, which contains mostly rivers and 
creeks that flow to Georgetown Lake and Standley Lake, the Upper South Platte watershed contains large, 
in-line reservoirs that slowly release ash, debris, and sediments during wildfires.  

Figure 3 illustrates the results from the Aurora Water reports on mountainous source water impacted by the 
2002 Hayman Fire near Rampart Reservoir (Benskin, 2015). A scenario involving wildfire in the Clear Creek 
watershed would likely result in the same impacts seen at Rampart Reservoir, including “increased 
sediment, nutrient, and organic carbon loading” in Standley Lake (Benskin, 2015). The concentration of 
measured Soluble Reactive Phosphorus (SPR) is graphed over time along with TOC. Both appear to be 
elevated for during runoff for several years post-fire. Denver Water provides complementary results. 
According to the Watershed Assessment for the Upper South Platte River, forest fires were one of the top 
sources of contaminants that impacted source water quality (Denver Water, 2013). From the numerous 
forest fires occurring in the Upper South Plate watershed between 1996 and 2012, Denver Water has 
experienced increases in sediments, pathogens, nutrients, organics, radionuclides, and heavy metals for 
years after the burn (Denver Water, 2013). The results in Attachment 2 show sampling results over a period 
of 4 years after the Hayman Fire. Spikes have been seen at regular intervals for 13 key parameters that could 
negatively affect the quality of water at Standley Lake and the current treatment process at Semper  
and Northwest.  
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Figure 3. Rampart Reservoir Water Quality after Hayman Fire, 2002 
Source: Benskin, 2015 

For the City of Fort Collins, wildfire that occurred in the watershed area resulted in significant water quality 
issues. In 2012, two large forest fires in the Poudre watershed effectively burned nearly 90,000 acres. 
Horsetooth Reservoir was minimally affected. However, the Poudre River received high debris loads in 2012 
following small rain storms, but mainly in 2013 after rain caused deforested hillsides to erode and slide into 
the river, raising turbidities over 100 ntu. The “flashiness” of the river following a rainstorm along its reach 
caused the water treatment facility to cease using Poudre River water during those periods. The sediment 
also built up in the pipelines and tanks, causing a high turbidity reading when those structures went on-line, 
if the flow rates were brought up to fast. As a result, the city built a presedimentation basin on the Pleasant 
Valley Pipeline (off the Munroe Canal diversion). The City also installed upstream turbidity monitor (via a 
sonde with conductivity and pH as well), and rain gauges. This instrumentation gives the City ample warning 
of poor water quality.  
The critical watershed and water quality-related impacts that could potentially be seen in the Clear Creek 
and Standley Lake watersheds are as follows: 

• Increased flood flows primarily due to loss of ground cover and reduced infiltration and
evapotranspiration

• Debris and sediment deposition in tributaries, rivulets, and waterways that can create ponding and
damming, resulting in rapid changes in quantity and quality of the source waters

• Intake fouling due to accumulated debris and sediments mobilized by precipitation events
• Sediments including soil, ash, and forest litter leading to an increase in suspended solids and turbidity
• Release of nutrients from the burning of organic material and effects on the soil, possibly resulting in

increased nitrogen and phosphorus
• Quick mobilization of metals accumulated in watershed soils and ash following fire
• Reduction in available storage due to debris, sediment, and ash buildup in Georgetown and

Standley Lakes
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Adequate characterization (and prevention) of long-term effect will require the continued implementation 
of the existing water quality monitoring as well as the addition of parameters noted in Attachment 3, 
protection of intakes, and adjustment in operation practices to remove additional colloidal organic material, 
sediment and turbidity, and address other changes in water quality. Wildfire could also cause an increase in 
algal production and TOC in Standley Lake due to the release of nutrients from the watershed. Based on 
interviews with several Front Range clients, the frequency of TOC and DOC data collection after the Hayman 
Fire of 2002 was not adequate to definitively characterize the long-term impact from the fire. There were 
anecdotal reports of higher taste and odor challenges as well as soluble reactive phosphorus (measured in 
µg/L concentrations) that would indicate reservoir management post-fire would be critical for the City of 
Westminster. Shutting off the headgates to Standley Lake immediately post fire is the appropriate first step 
but some additional chemical treatment and/or aeration may be required if soluble reactive phosphorus 
spurs algae growth.  

Ultimately, the solution of simply shutting off headwater gates and stopping the flow from the Clear Creek 
source to Standley Lake would not be enough to mitigate the impact of the fire. The Hayman Fire, coupled 
with a long-standing drought, forced Aurora Water to essentially shut off flow from the Upper South Platte, 
and rely too heavily on storage reservoirs. This caused a slew of new problems including a 25-foot drop in 
Aurora Reservoir surface elevation, and high nutrients forming new growth of cyanobacteria. Given the 
increased nutrient and contaminant loading potential post-fire, the City should consider the non-monetary 
benefit of Water Treatment Location Alternatives that include additional reserve treatment capacity 
(beyond max day demand) to combat a wildfire scenario. This preparation would allow for reduced hydraulic 
loading rates in order to continue to produce high quality finished water even when the raw water may be 
compromised with higher particulates, organics and contaminants of potential concern (e.g., flame 
retardants). Water Treatment Location Alternatives with footprint for additional water treatment plant 
processes (e.g., UV-AOP) would provide the City improved flexibility to address water quality impacts from 
fire compared to the existing water treatment plants.  

Additionally, the City of Westminster has participated in the Front Range Watershed Wildfire Protection 
Working Group since 2007 to address issues related to the protection of drinking water supplies from high 
severity wildfires in our watersheds. The goal of this group, organized by the Colorado State Forest Service 
and the U.S. Forest Service, is to develop a strategic action plan for Front Range watersheds. The City of 
Westminster is currently working to install mitigation measures, such as sediment traps, to protect water 
quality in the event of a forest fire or flood event.  

Recommendations: The City of Westminster should continue to work collaboratively with stakeholders, 
including watershed groups, such as the Front Range Watershed Wildfire Protection Working Group, and the 
Forest Service to ensure that there is adequate emergency response planning to address the challenges 
posed by wildfires.  

Response planning may include source water management procedures, changes to WTF raw water 
monitoring and operation procedures, runoff control measures in the watershed area, protection of existing 
infrastructure, and public notification. The plan should also address the long-term recovery and restoration 
of the watershed. 

Often the impacts of fire in the watershed are worse in the spring (runoff) and summer. The City’s demand 
reliability goal of meeting maximum day demand (MDD) for potable water with one treatment train out of 
service could yield operational benefits during a challenge condition like post-fire. The City could run for 
some period of time with all trains online reducing the hydraulic loading rate across each unit process, 
potentially improving their efficacy. 
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Invasive Species: Zebra Mussels and Quagga Mussels 

Since the 2008 discovery of freshwater quagga mussel larvae (Dreissena bugensis) at Pueblo Reservoir, the 
concern regarding the water quality challenges associated with the presence of invasive species has become 
a concern for many water utility providers throughout the State of Colorado.  

Significant economic impacts result from the macrofouling of infrastructure by infestations of adult zebra 
and quagga mussels. The adult mussels are notorious in their ability to form thick, dense, and difficult-to-
remove colonies at water intake structures and other facilities. At water intake structures, reports have 
revealed that the thickness of the colonies can significantly decrease the capacities of raw water pipelines, 
channels, and pump stations. In addition, substantial increases in maintenance are required to dislodge the 
mussels and remove dead shells from tanks, basins, and treatment processes. Some estimates approximate 
that each water system in the Great Lakes region spends $500,000 annually on mussel control. 

The City of Westminster actively works to prevent the entrance of zebra and quagga mussels to Standley 
Lake through the Aquatic Nuisance Species Protection Program. The City of Westminster implemented this 
program in 2008 with requirements for boaters to prevent importing mussels to Standley Lake, including a 
quarantine period of 35 days from May 1 to September 31. The City of Westminster also actively monitors 
the lake and utility infrastructure for signs of zebra or quagga mussels. 

Recommendation: The City of Westminster should continue the Aquatic Nuisance Species Protection Program 
for Standley Lake as well as raw water utility infrastructure for signs of zebra or quagga mussels. No change 
to the existing monitoring program is recommended. 

Drinking Water Regulations 
Federal and State drinking water regulations are routinely being updated based on recent health-effect 
studies, laboratory detection methods and capabilities, cost of implementation, and other drivers. In 
Colorado the EPA has delegated primary enforcement responsibility to the CDPHE Water Quality Control 
Division (WQCD). The Water Quality Control Commission (WQCC) is the administrative agency that develops 
specific state water policies including those in the Colorado Primary Drinking Water Regulations (CPDWR). 
The WQCC must establish regulations that are at least as stringent as the federal regulations.  

The following sections discuss current Federal and State drinking water regulations, the status of potential 
future regulations and the impact these would have on City of Westminster if implemented, and finally 
current and potential non-water quality regulations pertaining to water treatment residuals that are 
generated during the treatment process. 

Current Drinking Water Regulations 

This section summarizes drinking water regulations that apply to the City of Westminster. Existing drinking 
water regulations in the State of Colorado are included in 5 CCR 1002-11, CPDWR, which were amended 
March 10, 2015. A summary of the major drinking water regulations that impact the City of Westminster’s 
treatment operations as well as the City’s current compliance status with each is summarized in Table 2. 
Additional information regarding each of the regulations is provided in Attachment 3.  

Table 2. City of Westminster Compliance Status with Current Drinking Water Regulations 

Rule Compliance Status Comments 

Surface Water Treatment Rule, 
Final Rule 1989 

In compliance. Both Semper and NWTF have consistently complied with the combined 
filter effluent (CFE) turbidity requirements. The CFE compliance point at 
NWTF is downstream of the 11 membrane racks and upstream of final 
chlorine and ammonia addition. At the Semper WTF, the CFE sample 
point is downstream of the 26 filters and downstream of final chlorine 
and ammonia addition.  
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Table 2. City of Westminster Compliance Status with Current Drinking Water Regulations 

Rule Compliance Status Comments 

Note: City of Westminster conducted four tracer tests (see 
Attachment 4) at Semper as part of CDPHE’s Disinfection Outreach and 
Verification Effort (DOVE) requirements. 

Enhanced Surface Water 
Treatment Rule 

Interim Enhanced Surface 
Water Treatment Rule 
(IESWTR), Final Rule 1998, 
Revised 2001 

Long-Term 1 Enhanced Surface 
Water Treatment Rule 
(LT1ESWTR), Final Rule 2002 

Long-Term 2 Enhanced Surface 
Water Treatment Rule 
(LT2ESWTR), Final Rule 2006 

In compliance. 

Bin 1 classification 
assigned. 

Past and ongoing sampling has resulted in Bin 1 classification for 
Westminster, resulting in no additional treatment requirements 
beyond Surface Water Treatment Rule (SWTR) requirements. 

Filter Backwash Recycling Rule In compliance. At the Semper WTF, compliance is achieved by recycling filter backwash 
to the solids handling lagoons where decant is directed to the raw 
water pipelines prior to the point of primary coagulation. Northwest 
WTF complies by recycling membrane backwash waste prior to the 
point of primary coagulation. 

Disinfectants and Disinfection 
Byproducts Rule 

In compliance. TOC samples must be paired with an alkalinity sample and collected 
monthly with raw water before any treatment has been applied and at 
the point where CFE turbidity is monitored. Average source water TOC 
at Semper and NWTF is 1.74 mg/L. As the source water TOC is below 
2.0 mg/L and alkalinity is typically below 60 mg/L as CaCO3 (average is 
52.2 mg/L), enhanced coagulation or softening is not required at this 
time. On average, Semper is achieving approximately 18 percent TOC 
removal while NWTF is achieving approximately 19 percent. As 
discussed in the Plant Performance Desktop Evaluation TM, it is more 
practical and cost effective for the City to optimize treatment in order 
to meet one of the alternative compliance criteria than it is to 
implement enhanced coagulation.  

Revised Total Coliform Rule 
(TCR) 

In compliance. Best available technologies (BATs) at the Westminster WTFs that 
contribute to meeting the requirements of the revised TCR include 
filtration and disinfection, maintenance of a disinfection residual in the 
distribution system, and proper maintenance of the distribution 
system. 

Regular sampling is required at locations throughout the distribution 
system based on the written sampling plan prepared as part of 
compliance with the revised TCR. The quantity of required samples 
changes based on the total population served by the system. In 2014, 
the minimum number of samples required by Westminster was 120 per 
month (based on 2010 census data that estimated the City’s population 
at 106,451). Compliance is achieved when no more than 5 percent of 
total samples in a month are positive for total coliform. 

Contaminant Candidate List 
(CCL) 3 

In compliance (All 
testing prescribed 
by UCMR 3 has 
been completed). 

CCL3 includes 104 chemicals and 12 microbial contaminants. 

At this time, the anticipation is that the contaminants most likely to be 
regulated include Legionella pneumophila and Naegleria fowleri; 
chlorate, cyanotoxins, methyl tertiary-butyl ether (MTBE) and 
nitrosamines (including NDMA). Additional discussion regarding 
cyanotoxins, MTBE, and NDMA is provided in the Potential Future 
Drinking Water Regulation section below. 
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Table 2. City of Westminster Compliance Status with Current Drinking Water Regulations 

Rule Compliance Status Comments 

In the case of Legionalla pneumophila and Naegleria fowleri, regulatory 
protections are already in place in Colorado through the requirement 
(beginning April 2016) to maintain a disinfection residual in the 
distribution system of ≥ 0.2 mg/L (5 CCR 1002-11, 11.8(3)(b)(i)(B)(iii)).  

For chlorate, a Health Reference Level (HRL) of 210 µg/L is 
recommended. Chlorate may be an issue for the City of Westminster in 
the future as hypochlorite is used for disinfection. However, the risk is 
managed with the use of best management practices such as regulating 
the amount of hypochlorite storage provided on-site so that the 
hypochlorite does not age and degrade to chlorate. This could 
potentially be an issue at Semper in cold weather; the City plans to 
monitor for this issue during the 2015-2016 winter season.  

Contaminant Candidate List 
(CCL) 4 

UCMR 4 was 
proposed in 
December 2015, 
and the proposed 
sampling time 
frame beings in 
March 2018.  

The Draft CCL4 includes 100 chemicals and 12 microbial contaminants. 
The EPA made a negative regulatory determination for manganese in 
2003, but it has been added to the Draft CCL 4 due to new health 
effects data showing some potential for neurological effects. 

Unregulated Contaminant 
Monitoring Rule (UCMR) 

In compliance with 
UCMR 3. 

The UCMR 3 requires monitoring 30 unregulated contaminants from 
2013 through 2015. The City of Westminster sampled for List 1 and List 
2 of UCMR 3 from 2014-2016. 

Radionuclides Rule In compliance with 
gross alpha and 
beta particles as 
well as photon 
emitters. In 
compliance for 
radium and 
uranium. 

The City of Westminster last monitored finished water for radionuclides 
in 2012 with two sampling events at Semper. Gross alpha and Beta 
particles and photon emitters were both below the MCLs. 

Arsenic Rule In compliance. Arsenic has been detected in the raw water at Standley Lake at 
concentrations ranging from <0.1 to 7 µg/L, which are below the MCL. 
The City collects a finished water sample one time per year to 
demonstrate compliance with the rule. 

Lead and Copper Rule In compliance. See summary below for description of known factors related to 
compliance status. 

Organic and Inorganic Rules In compliance. The 
only detection of 
SOC was di-2-
ethylhexyl 
phthalate at 0.7 ppb 
in 2015, and the 
only VOC detected 
was carbon 
tetrachloride at 1.7 
ppb in 2006. 

SOCs and VOCs, regulated by the Organic Chemicals Rule (5 CCR 1002-
11, 11.21), have not been detected in the finished water of either plant. 
Cadmium and chromium are either not detected in the finished water 
or are well below the established MCLs. No data were provided for 
antimony, beryllium, mercury, selenium, or thallium. According to the 
City, Monitoring for cyanide is waived by CDPHE for the City of 
Westminster because it has been demonstrated that the system is not 
vulnerable to cyanide from industry.  

Fluoride In compliance. The City of Westminster has a naturally occurring background fluoride 
concentration of 0.5 -0.7 mg/L, well below the MCL of 4 mg/L and 
secondary MCL of 2 mg/L. Fluoride is neither targeted for removal nor 
added during treatment. Low levels of fluoride have dental benefits and 
thus the naturally occurring fluoride is not targeted for removal. 



ADDITIONAL INFORMATION ON CURRENT DRINKING WATER REGULATIONS 

AUGUST 5, 2016 PAGE 21 OF 260 

Disinfectant Residuals, Disinfection Byproducts, and Disinfection Byproduct Precursors 

Per the rule, TOC removal requirements by enhanced coagulation vary depending on source water TOC and 
alkalinity, as shown in Table 3. Based on the average water quality data presented in Table 1, a percent TOC 
removal is not required for a conventional treatment plant being fed from Standley Lake. However, 
compliance with TOC removal requirements is calculated using a locational running annual average (LRAA) 
computed quarterly. Month-to-month changes in source water TOC and/or alkalinity levels could change the 
percent of TOC removal that is required per the enhanced coagulation requirements. 

Table 3. Required Percent Total Organic Carbon Removal by Enhanced Coagulation or Enhanced Softening - 
Colorado Primary Drinking Water Regulations  
Colorado Department of Public Health, 2015 

Source Water TOC (mg/L) 

Source Water Alkalinity (mg/L as CaCO3) 

0 to 60 >60 to 120 >120

0-<2.0 

<2.0 to 4.0 

N/A 

35.0% 

N/A 

25.0% 

N/A 

15.0% 

>4.0 to 8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 40.0% 30.0% 

1Systems meeting at least one of the alternative compliance criteria in the rule are not required to meet the removal 
percentages in this table. 
2Systems practicing softening must meet the TOC removal requirements for a source water alkalinity that is greater than 
120 mg/L as CaCO3. 

However, systems meeting at least one of the alternative compliance criteria in the rule are not required to 
meet the removal percentages in Table 3. The alternative compliance criteria, of which only one needs to be 
met, are as follows: 
i) The LRAA of the source water TOC sample results is less than (<) 2.0 mg/L.
ii) The LRAA of the treated water TOC sample results is less than (<) 2.0 mg/L.
iii) Sample results demonstrate all of the following:

a) The LRAA of source water TOC is less than (<) 4.0 mg/L.
b) The LRAA of source water alkalinity is greater than (>) 60 mg/L (as CaCO3).
c) The Running Annual Averages (RAAs) of TTHM and HAA5 samples are less than (<) 0.040 mg/L and

0.030 mg/L, respectively.
iv) For systems using only chlorine for primary disinfection and maintenance of the residual disinfectant

concentration in the distribution system, the RAA of the TTHM and HAA5 sample results are less than
(<) 0.040 mg/L and 0.030 mg/L, respectively.

v) The LRAA of source water SUVA is less than or equal to (≤) 2.0 L/mg-m.
vi) The LRAA of finished water SUVA is less than or equal to (≤) 2.0 L/mg-m.
vii) For systems using softening, the LRAA of removed magnesium hardness is greater than or equal to

(≥) 10 mg/L (as CaCO3).
viii) For systems using softening, the LRAA of treated water alkalinity is less than (<) 60 mg/L (as CaCO3).

Based on 10 years of historical data, the average raw water TOC concentration is 1.9 mg/L in Standley Lake 
(see Table 1), while the average raw water TOC concentration at Semper and NWTF is 1.75 mg/L and 1.74 
mg/L, respectively. The average TOC concentration in the finished water from both plants during this same 
time period was 1.44 mg/L (Semper) and 1.42 mg/L (NWTF), an 18-percent TOC removal across each plant. 
Current interpretation of direction from CDPHE is that NWTF is not considered a conventional treatment 
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plant and therefore is not required to meet the enhanced coagulation TOC removal requirement. If that 
interpretation of the regulation were to change, based on TOC removal alone, neither plant would be able 
meet the Enhanced Coagulation TOC removal requirement. 

If a utility complies with any of the alternative compliance criteria in any quarter, they are not required to 
comply with the TOC removal requirements listed in Table 3 for that quarter. Currently both Semper and 
NWWTF meet the alternative compliance criteria (i) and (ii).  

Recommendation: The City of Westminster continues to monitor LRAA of the alternative compliance criteria 
currently met by Semper and NWTF since it is more practical and cost effective for the City to optimize 
treatment in order to meet one of the alternative compliance criteria than it is to implement enhanced 
coagulation.  

The Disinfection Byproducts rule (5 CCR 1002-11, 11.25) applies to all community water systems that supply 
water treated with a primary or residual disinfectant other than ultraviolet light. The rule establishes MCLs 
for haloacetic acids (HAA5) (0.060 mg/L) and total trihalomethanes (TTHM) (0.080 mg/L). The rule requires 
quarterly monitoring for TTHM and HAA5. Compliance with the rule is defined as being below the MCLs, 
measured as an LRAA.  

Recommendation: The City of Westminster continues the existing monitoring program for TTHM and HAA5 
as required for compliance with the Disinfection Byproducts rule. 

Lead and Copper Rule 

The City of Westminster is required to monitor pH and alkalinity semi-annually at entry points to the 
distribution system and at sites in the distribution system to comply with the requirements of the Lead and 
Copper rule (5 CCR 1002-11, 11.26). Water quality parameters (WQPs), lead, and copper levels in finished 
water are summarized in Table 4. 

Table 4. Lead and Copper Rule Compliance 

Treatment Plant 
Limits 

Action Levels 

2004 - 2014 pH 
7.0-9.2* 

- 

2004 - 2014 Alkalinity 
40-220 mg/L as CaCO3 

- 

2004 - 2014 Lead 
- 

0.015 mg/L 

2004 - 2014 Copper 
- 

1.3 mg/L 

Northwest WTF 7.38 – 8.9 46 -68 mg/L <0.003 0.005 – 0.03 

Semper WTF 7.2 – 8.89 35 - 180 mg/L <0.003 0.003 – 0.01 

*CDPHE approved a variance for the City that allows a pH of up to 9.2 (see Attachment 5).

For the WTFs, the pH at the entry point to the distribution system trends toward the upper end of the 
regulatory limit with pH outside of the range. Based on information provided by the City of Westminster, 
CDPHE has issued a variance to allow pH measurements of up to 9.2, putting the WTFs in compliance with 
the Lead and Copper Rule. 

Recommendation: The City of Westminster continues the existing monitoring program for pH, alkalinity, 
lead, and copper as required for compliance with the Lead and Copper rule. 

Potential Future Drinking Water Regulations 

EPA continues to evaluate health impacts of a wide range of chemical and microbial contaminants for 
regulatory consideration. Following is a summary of contaminants that have the potential to be included in 
future regulatory actions. The regulatory status, concern and treatment techniques are summarized in 
Table 5. 
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Table 5. Potential Future Drinking Water Regulations 

Parameter Concern Regulatory Status Treatment Technologies Treatment 
Effectiveness 

Comments 

Contaminants 
of Emerging 
Concern (CECs) 

EPA is concerned about human 
health risks associated with 
contaminants of emerging 
concern (CECs), including 
pharmaceuticals and personal 
care products (PPCPs). CECs are 
increasingly being detected at 
low levels in surface water, and 
there is concern that these 
compounds may have an 
impact on aquatic life. 

Currently unregulated. • High pressure membranes
(nanofiltration [NF] and 
reverse osmosis [RO])

• Granular activated carbon 
(GAC) adsorption 

• Powdered activated carbon 
(PAC) adsorption 

• Advanced oxidation (both 
ozone and UV based) with 
biological filtration

0% to >90% 
removal 

These treatment 
technologies have been 
shown to provide good 
removal of many CECs. 
However, no one process 
will remove all CECs and 
removal is highly dependent 
on the specific chemical 
compound targeted and 
site-specific water quality 
and operational conditions. 

Perchlorate Perchlorate’s most commonly 
observed health effect on or 
through the thyroid gland is in 
the form of a decrease in 
thyroid hormone output. 
Perchlorate is an oxygen 
additive in solid fuel propellant 
for rockets, missiles, and 
fireworks. 

On February 11, 2011, EPA issued a 
Federal Register Notice that 
determined that perchlorate meets 
the Safe Drinking Water Act criteria 
for regulation as a contaminant. 
Perchlorate was included in UCMR1. 
As of June 2016, EPA is soliciting 
nominations for a peer reviewers for 
their draft Biologically Based Dose-
Response (BBDR) model for 
perchlorate to integrate health 
related information to analyze the 
effects of perchlorate on thyroid 
hormone production. The timeline 
for regulation of perchlorate is not 
known at this time. 

• Ion Exchange
• Bioreactor
• Liquid Phase Carbon 

Adsorption 
• Permeable Reactive Barrier
• Phytotechnology
• Membrane Technologies

(Electrodialysis and
Reverse Osmosis).

Sensitive to a 
variety of 
untreated 
water 
contaminants 
and 
characteristics. 
Up to 99% 
removal. 

Treatment may involve a 
combination of several 
technologies, such as a 
bioreactor followed by 
“polishing” through ion 
exchange. 
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Table 5. Potential Future Drinking Water Regulations 

Parameter Concern Regulatory Status Treatment Technologies Treatment 
Effectiveness 

Comments 

Methyl-
tertiary-butyl-
ether (MTBE) 

Methyl tertiary butyl ether 
(MTBE) is a volatile organic 
compound (VOC) commonly 
used as an octane enhancer in 
unleaded gasoline.  

In 1997, EPA issued a drinking water 
advisory of 20 to 40 ppb based on 
taste and odor (USEPA, 1997). MTBE 
was included in UCMR1.  

• Air stripping

• Advanced oxidation process
(i.e. hydrogen 
peroxide/ozone, ozone/UV,
hydrogen 
peroxide/continuous wave 
medium-pressure mercury
vapor lamps),

• Granular activated carbon,
and synthetic resin sorbents

Up to 99% 
removal. 

Advanced oxidation process 
(AOP) can create oxidation 
byproducts, which may 
cause effluent water quality 
to exceed regulatory 
thresholds.  

Nitrosamines Concern with nitrosamines 
both in source water 
contamination and as a 
disinfection byproduct within 
the distribution system as 
probable human carcinogens. 
NDMA can be unintentionally 
produced in and released from 
industrial sources through 
chemical reactions, such as 
those that involve alkylamines 
with nitrogen oxides, nitrous 
acid or nitrite salts. Potential 
industrial sources include 
byproducts from tanneries, 
pesticide manufacturing plants, 
rubber and tire manufacturers, 
alkylamine manufacture and 
use sites, fish processing 
facilities, foundries and dye 
manufacturers. NDMA is also 
an unintended byproduct of the 
chlorination of drinking water 
at treatment plants that use 
chloramines for disinfection. 

UCMR2 required systems to monitor 
for six nitrosamines including NDEA, 
NDMA, NDBA, NDPA, NMEA, and 
NPYR. NDMA has been listed as a 
priority pollutant by the EPA, but no 
federal standard has been 
established for drinking water. Some 
states have established water 
quality regulations for NDMA, such 
as California which has established a 
public health goal of 3 ng/L in 
drinking water and a notification 
level of 0.01 μg/L. 

• Photolysis by ultraviolet
radiation ranging in 
wavelength from 225 to 250
nanometers.

• Biological treatment,
microfiltration and reverse
osmosis treatment may be
used to remove NDMA 
precursors before
chlorination (Mitch and 
others 2003).

Approximately 
50% efficient 
with reverse 
osmosis, 60% 
with biological 
treatment, MF 
less effective. 

Chlorination is not 
recommended before 
treatment due to risk of 
increased NDMA formation. 
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Table 5. Potential Future Drinking Water Regulations 

Parameter Concern Regulatory Status Treatment Technologies Treatment 
Effectiveness 

Comments 

Hexavalent 
Chromium 

Chromium can enter the 
environment from both natural 
and industrial sources 

Chromium-6 and Total Chromium 
were included in UCMR3. EPA limit 
for Total Chromium in drinking 
water is 0.1 mg/L. 

• Ion exchange, membranes,
reverse osmosis, filter,
coagulation (Brandhuber, et
al., 2004). 

50% to >90% 
removal. 

Recommended sulfur-
modified iron, reverse 
osmosis, or ion exchange 
for best results. 

Cyanobacteria 
and algal 
toxins 

Bloom in surface water bodies; 
produce toxins. 

Cyanobacteria (Blue-green algae) 
and other freshwater algae and their 
toxins were included in UCMR1. EPA 
has listed cyanotoxins including 
microcystin-LR, cylindrospermopsin, 
and anatoxin–a on the previous and 
current Contaminant Candidate Lists 
(CCL). EPA recommends health 
advisory (HA) levels at or below 0.3 
micrograms per liter for 
microcystins and 0.7 micrograms 
per liter for cylindrospermopsin in 
drinking water for children pre-
school age and younger (less than 
six years old). For school-age 
children through adults, the 
recommended HA levels for drinking 
water are at or below 1.6 
micrograms per liter for 
microcystins and 3.0 micrograms 
per liter for cylindrospermopsin.  

• Conventional water
treatment (flocculation,
coagulation, sedimentation,
and filtration).

• Microstrainers or fine screens
to remove debris from the
water.

• Oxidants are often added at
the intake to reduce taste and 
odor problems and to
discourage biological growth 
(zebra mussels, biofilm, and 
algae) on the intake pipe.

• Significant pretreatment
oxidation is not
recommended because
rupturing of cyanobacteria
cells may occur, releasing the
cyanotoxin to the water
column and may also cause
the formation of chlorinated 
disinfection by-products.

Depends on 
water quality 
and treatment 
method 
selected 

The City currently monitors 
for algal blooms in Standley 
Lake. 

If the City detects blue-
green algae in their source 
water, close monitoring of 
raw water oxidation dose 
and any unintended 
consequences (e.g. lysing of 
cells and releasing of 
cyanotoxins) should be 
implemented. 
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Table 5. Potential Future Drinking Water Regulations 

Parameter Concern Regulatory Status Treatment Technologies Treatment 
Effectiveness 

Comments 

Carcinogenic 
VOCs 

Chronic (repeated) exposure, in 
excess of recommended 
occupational limits, has 
been associated with damage 
to the liver, kidneys, and 
nervous system. 

EPA announced in February 2011 
plans to develop one national 
primary drinking water regulation 
(NPDWR) covering up to 16 
carcinogenic volatile organic 
compounds (VOCs). Maximum 
Contaminant Level (MCL) for TCE, 
set by the California Department of 
Public Health (CDPH) is 5 mg/L.  

• Air stripping and activated 
carbon filters.

• Ultraviolet radiation with the
addition of hydrogen 
peroxide is also used in low-
flow systems.

PCE and TCE, which EPA 
determined to be 
candidates for regulatory 
revision under the second 
six year review of the 
existing NPDWRs, will be 
included in the VOC 
drinking water standard. 
Besides PCE and TCE, the 
group may include up to six 
additional regulated VOCs; 
and up to eight unregulated 
VOCs from the EPA’s 
Contaminant Candidate 
List 3. 

Strontium Geologic weathering leads to 
naturally-occurring strontium in 
the environment. Strontium 
occurrence is also linked to 
anthropogenic sources such as 
air contamination from milling 
processes, coal burning, and 
phosphate fertilizers. Strontium 
is present in almost all drinking 
water sources across the 
United States at an average 
concentration range of 0.3-1.5 
mg/L (WHO 2010; Skougstadt 
and Horr 1960). Strontium can 
replace the calcium in bones 
and will affect skeletal 
development and impact bone 
strength in people who do not 
consume enough calcium.  

Strontium was included in UCMR3. 
EPA plans to make a final decision 
on strontium regulation in 2016. 

• Adsorptive media

• Powder activated carbon

• Ion exchange and 

• Reverse osmosis (RO)

Applying 
adsorptive 
media, RO, ion 
exchange, or 
co-precipitation 
followed by 
microfiltration 
are processes 
will remove up 
to 99 percent of 
strontium. 
Powdered 
activated 
carbon coupled 
with ion 
exchange 
resulted in 
greater than 90 
percent 
removal of 
strontium. 

An American Water Works 
Association (AWWA) report 
on the potential regulatory 
implications of strontium 
notes that the metal is 
found in almost all drinking 
water sources in the 
country, at an average 
concentration range of 0.3 
to 1.5 mg/L. 
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Table 5. Potential Future Drinking Water Regulations 

Parameter Concern Regulatory Status Treatment Technologies Treatment 
Effectiveness 

Comments 

Radon Radon is a colorless, tasteless, 
odorless, radioactive gas that is 
naturally occurring and is 
produced by the breakdown of 
uranium in soil, rock, and 
water. Drinking water 
containing radon also presents 
a risk of developing internal 
organ cancers, primarily 
stomach cancer. However this 
risk is smaller than the risk of 
developing lung cancer from 
radon released to air from tap 
water. 

There is currently no federally 
enforced drinking water standard 
for radon. In October 1999 EPA 
proposed to regulate radon in 
drinking water, but the regulation 
was never finalized. At that time, 
EPA was proposing a limit of 4,000 
pCi/L. 

• Aeration

• Granular activated carbon 
(GAC)

EPA does regulate the 
following radionuclides: 
alpha particles, beta 
particles and photon 
emitters, radium 226 and 
228 (combined), and 
uranium. 
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Emerging Contaminants 

For this memorandum, the term “emerging contaminants” is used to represent “micro-constituents,” or 
“compounds of emerging concern.” This group of compounds includes pharmaceuticals and personal care 
products (PPCPs), potential endocrine-disrupting compounds, and other recently publicized compounds. 
Pharmaceuticals include any compound that improves and extends a human’s life. Personal care products 
include thousands of specific compounds, only some of which may potentially be endocrine-disrupting 
compounds. These include detergents, fragrances, shampoos, herbal remedies, antimicrobials, over-the-
counter medicines, and household chemicals.  

Of this group of compounds, only a subset is suspected of being endocrine-disrupting compounds, that is, 
substances that can affect the endocrine system in humans or animals. Endocrine-disrupting compounds 
encompass a diverse group of natural and man-made chemicals that impact estrogen, androgen, and/or 
thyroid hormone function.  

Approximately 87,000 endocrine-disrupting compound/personal care product compounds have been 
identified in recent years, primarily because of the advances in analytical chemistry. Detected 
concentrations were typically in the parts per trillion range in drinking water. However, detection alone does 
not imply risk. 

Currently, EPA is not suggesting regulation of endocrine-disrupting compounds and personal care products 
in drinking water. There are too many compounds to regulate individually, and each compound is different, 
so a multi-barrier treatment is the best treatment approach. Although several conventional, advanced, and 
biological water treatment technologies are effective at reducing concentrations of these compounds, 
toxicity standards have not been identified to dictate percent removal or development of a MCLG or MCL. In 
addition to the lack of toxicity standards, monitoring and analyzing emerging contaminants is expensive, and 
a limited number of laboratories are capable of conducting such analyses.  

The public health impacts of exposure to low levels of these contaminants are still being defined according 
to the Endocrine Disruptor Screening Program, which incorporates the recommendations from the 
Endocrine Disruptor Screening and Testing Advisory Committee. Endocrine-disrupting compounds, 
potentially including some personal care products, could be regulated in the future based on future health 
impact studies, but the toxicological relevance at environmentally realistic concentrations must be well 
defined before regulations are promulgated. EPA is applying a four-pronged approach for compounds of 
emerging concern: 
1. Strengthen the science.
2. Improve public understanding and risk communication.
3. Build partnerships for stewardship.
4. Use regulatory tools.

EPA’s CCL is the starting point for regulating compounds of emerging concern. Some states have chosen to 
monitor individual endocrine-disrupting compounds and personal care products. For example, California has 
specified the following endocrine-disrupting compounds, personal care products, and other “indicator” 
chemicals for monitoring on indirect potable reuse projects:  

• Hormones: Ethinyl estradiol, 17-β estradiol, estrone
• Industrial: bisphenol A, nonylphenol and nonylphenol polyethoxylate, octylphenol and octylphenol

polyethoxylate, polybrominated diphenyl ethers
• Pharmaceuticals and others substances: acetaminophen, amoxicillin, azithromycin, caffeine,

carbamazepine, ciprofloxacin, ethylenediamine tetra-acetic acid, gemfibrozil, ibuprofen, iodinated
contrast media, Lipitor®, methadone, morphine, salicylic acid, and triclosan
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The State of Colorado does not require monitoring for these compounds beyond the sampling required in 
the UCMR. However, various entities within Colorado (including universities, utilities, and the USGS) have 
monitored source waters for these compounds.  

Recommendation: The City of Westminster monitored and was in compliance for the substances specified in 
the UCMR3. Begin preparing for UCMR4 testing in 2018-2020.  

Perchlorate 

Perchlorate is a contaminant formed from the solid salts of ammonium, potassium, magnesium, and sodium 
perchlorate. Perchlorate is both a naturally occurring and manmade contaminant that has been found in 
groundwater, surface water, and soil. Most perchlorate, in the form of ammonia perchlorate that is 
manufactured in the United States, is used as an oxidizer in solid fuels for explosives, fireworks, road flares, 
and rocket motors. Perchlorate can inhibit the thyroid gland’s ability to absorb iodine from the bloodstream, 
which can negatively impact thyroid hormone production. 

In the October 10, 2008, Federal Register notice regarding the preliminary regulatory determination for 
perchlorate, EPA determined, after conducting an extensive review of scientific data related to the health 
effects of exposure to perchlorate, that there was not “a meaningful opportunity for health risk reduction” 
through a national drinking water regulation based on the SDWA criteria. EPA found that in over 99 percent 
of public drinking water systems, perchlorate was not at levels of public health concern.  

In January 2009, EPA issued an interim health advisory level for subchronic exposure to assist state and local 
officials in addressing local contamination of perchlorate in drinking water. Health advisories establish non-
regulatory concentrations of drinking water contaminants at which adverse health effects are not 
anticipated to occur over specific exposure durations. The Interim Drinking Water Health Advisory level, 
15 µg/L, is based on the recommendations of the National Research Council of the National Academies as 
reported in “Health Implications of Perchlorate Ingestion” (National Research Council, 2005). EPA is 
consulting the National Research Council before making a final regulatory determination on whether to 
issue a national regulation for perchlorate in drinking water.  

Based on scientific research and public health experts, EPA reversed the 2008 preliminary determination in 
2011 and decided to regulate perchlorate under the SDWA. As of June 2016, EPA is soliciting nominations 
for a peer reviewers for its draft Biologically Based Dose-Response (BBDR) model for perchlorate to 
integrate health-related information to analyze the effects of perchlorate on thyroid hormone production. 
The timeline for regulation of perchlorate is not known at this time. 

Based on data provided by the City of Westminster, it does not appear that the raw or finished water 
supplies have been tested for perchlorate. However, considering the sources of the City’s raw waters, 
contamination of these waters by perchlorate would not be expected. 

Recommendation: No additional sampling recommended at this time. The City of Westminster tested 
finished water supplies in 2011 and sample results were non-detect. 

Methyl Tertiary-Butyl Ether 

Methyl tertiary-butyl ether (MTBE) is a gasoline additive used to increase the oxygen content of gasoline. 
When released to the environment, MTBE is relatively persistent and mobile. This chemical has primarily 
been a concern in the contamination of water supply aquifers as a result of leaking storage tanks and 
pipelines containing gasoline with MTBE. Auto accidents, tank truck spills, and gasoline-powered watercraft 
are potential sources of surface water contamination. Water contaminated with MTBE has an unpleasant 
taste and odor, with the most sensitive individuals responding at concentrations in the 20 to 40 µg/L range. 

MTBE is not a federally regulated contaminant, however, EPA recommends MTBE levels in the range of 20 to 
40 µg/L or below to protect consumer safety while considering consumer acceptance of the water resource. 
In May 2000, California Department of Public Health regulated MTBE to 13 µg/L. No data were provided for 
MTBE, so the presence of MTBE in the raw water sources is unknown.  



REGULATORY AND SOURCE WATER QUALITY IMPACTS 

PAGE 30 OF 260 AUGUST 5, 2016 

Recommendation: If not already doing so, the City of Westminster should begin implementing a monitoring 
program for MTBE in the raw water source.  

Nitrosamines 

Nitrosamines, such as N-nitrosodimethylamine (NDMA), are a group of emerging drinking water 
contaminants that are of interest to the environmental community because of their miscibility with water, 
as well as their carcinogenicity and toxicity. NDMA, for example, is an unintended byproduct of the 
disinfection process at drinking water treatment plants that use chloramines, as well as a byproduct from 
the chlorination of wastewater. 

Although nitrosamines are listed as priority pollutants by EPA, there are no drinking water standards. 
Nitrosamines are on the CCL 3 as well as on the Draft CCL 4. The EPA is now evaluating nitrosamines as part 
of the review of Microbials and Disinfection Byproducts (MDBP). California has established notification and 
response levels for various nitrosamines and is in the process of developing a public health goal (PHG) for 
NDMA. 

NDMA can be minimized by reducing precursors, such as organic nitrogen and the chemical compound 
dimethylamine (DMA). Enhanced coagulation, GAC adsorption, and biological filtration have demonstrated 
effective organic nitrogen removal. Additionally, some cationic polymers contain DMA, a known precursor to 
NDMA. By selecting polymers that do not contain DMA, NDMA formation can be avoided. NDMA can also be 
managed by minimizing the time between chlorine and ammonia addition in disinfection using chloramines. 
NDMA can be removed after formation by very high doses of ultraviolet (UV) light, but managing NDMA 
formation in the treatment process is a more cost-effective approach. 

Recommendation: While it would be unexpected for the City’s source water to contain these contaminants, it 
is recommended that the City implement a quarterly sampling program to characterize the potential 
presence of nitrosamines in the source water. 

Hexavalent Chromium 

The EPA does not currently have a drinking water standard for hexavalent chromium (chromium-6, Cr(VI), 
Cr6+), but there is a primary standard for total chromium at 100 µg/L. Total chromium is a measurement of 
all forms of chromium, including hexavalent chromium. The California Department of Public Health (CDPH) 
established a primary drinking water standard for hexavalent chromium of 10 µg/L on July 1, 2014. 
Monitoring at public water systems began on January 1, 2015. The CDPH primary standard for total 
chromium is 50 µg/L. 

In a September 2010 draft human health assessment, EPA proposed to classify hexavalent chromium as 
“likely to be carcinogenic to humans” when ingested. This health assessment is in the process of being 
finalized. Total chromium and hexavalent chromium are two of the 21 chemicals included in List 1 
Contaminants for Assessment Monitoring under EPA’s Unregulated Contaminant Monitoring 
Rule 3 (UCMR 3). The expectation is that EPA will use the data from this monitoring period, along with the 
finalized health assessment, as the basis for revising the primary drinking water standard for total chromium 
and implementing a new standard for hexavalent chromium. 

Recommendation: No changes to the City of Westminster’s current sampling program are recommended. 
The City of Westminster currently monitors for hexavalent chromium at the entry point to the finished water 
distribution system from NWTF and Semper.  

Cyanobacteria and Algal Toxins 

The presence of cyanobacteria, also known as blue-green algae, in drinking water raw water sources has 
drawn increasing industry and media attention in recent years. Cyanobacteria are naturally present in fresh 
water systems, but a rise in the number of cyanobacteria, also called an “algal bloom,” results in the over-
production of the bacteria. The bacteria can release toxins (called algal toxins) from natural metabolic 
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activities and cell lysis (which can be caused by some water treatment processes). Not all cyanobacteria 
produce toxins, but usually laboratory analysis is required to confirm whether a specific bacteria will release 
toxins. The most commonly known metabolites from cyanobacteria that cause T&O problems are geosmin 
and MIB.  

Cyanobacteria that are intact are removed through conventional coagulation, sedimentation, and filtration 
processes. Conventional water treatment processes have different levels of effectiveness for removing or 
inactivating toxins from cyanobacteria, and some processes are not effective on all toxins. For example, 
chlorination can oxidize toxins when the pH is below 8, except for anatoxin-a. Ozone is relatively effective at 
oxidizing most algal toxins.  

Recently there has been increased concern about the potential health effects in humans from these toxins. 
The World Health Organization has issued a provisional guideline for microcystin-LR of 1 µg/L. Currently 
there are no EPA regulations for algal toxins. However, three algal toxins were included in the final CCL3 list: 
anatoxin-a, microcystin-LR, and cylindrospermopsin. On May 6, 2015, EPA issued a health advisory for 
microcystin and cylindrospermopsin.  

The health advisory recommends the following limits for algal toxins: 
• School-age children and younger: 0.3 µg/L for microcystin
• School-age children and younger: 0.7 µg/L for cylindrospermopsin
• For all other ages: 1.6 µg/L for microcystin
• For all other ages: 3.0 µg/L for cylindrospermopsin

Potential health effects from longer exposure to higher levels of algal toxins in drinking water include 
gastroenteritis and liver and kidney damage. The health advisory values are based on exposure for 10 days. 

In addition, CDPHE’s Harmful Algal Bloom workgroup is working on a draft guidance. The June 2015 draft 
includes public notification if microcystin and cylindrospermopsin are above the EPA health advisory limits. 

Recommendation: If the City of Westminster’s routine monitoring of Standley Lake for algal blooms indicates 
the presence of blue-green algae, then the City of Westminster should begin measuring anatoxin-a, 
microcystin, and cylindrospermopsin in its raw water supply on a monthly basis. 

Carcinogenic VOCs 

In February 2011, EPA announced a plan to develop one group regulation that would cover up to 
16 carcinogenic VOCs. Decisions are still being made as to which contaminants would be included and the 
basis for defining the group. EPA has stated that trichloroethylene (TCE) and perchloroethylene (PCE) will be 
included in the group. Besides PCE and TCE, the group may include up to six additional regulated VOCs 
(benzene, carbon tetrachloride 1,2-dichloroethane 1,2-dichloropropane, dichloromethane, vinyl chloride) 
and up to eight unregulated VOCs from the CCL3 (aniline, benzyl chloride, 1,3-butadiene, 1,1-
dichloroethane, nitrobenzene, oxirane methyl, 1,2,3-trichloropropane, and urethane). A proposal for the 
rule is expected in 2016 with a final rule delivered in 2017 or 2018. Recommended treatment techniques for 
removing VOCs from drinking water include GAC adsorption or advanced oxidation. Advanced oxidation 
offers an advantage over GAC adsorption in that the treatment technique destroys the VOCs instead of 
transferring them from water to another medium.  

Recommendation: No further monitoring recommended at this time, the City of Westminster monitored for 
several carcinogenic VOCs with the UCMR 3 and the results were non-detect.  

Strontium 

EPA made a preliminary positive determination on strontium from the CCL3 in October 2014. The final 
determination to regulate is expected in the near future, although as of June 2016, a timeframe has not 
been established for promulgation of a final rule.  
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Strontium occurs naturally and is released in to water supplies from the geologic weathering of sedimentary 
rocks. Based on information in an AWWA report, “The Potential Regulatory Implications of Strontium” 
(March 2014), strontium is present in almost all U.S. drinking water sources at an average concentration of 
0.3 to 1.5 mg/L. This concentration range, along with 99.5 percent of the UCMR 3 monitoring results, are 
lower than the EPA health reference level of 4.2 mg/L and also lower than a proposed MCLG of 4.4 mg/L.  

Recommendation: The City of Westminster began measuring for strontium in the finished water supplies on a 
quarterly basis pursuant to UCMR3 requirements in 2014. Continue testing in case of extreme changes in 
water quality.  

Radon 

The EPA proposed regulation on November 2, 1999, to reduce the public health risks from radon in drinking 
water. However, a final rule has not yet been promulgated. The proposed standards will apply only to 
community water systems that regularly serve 25 or more people and that use groundwater or mixed 
groundwater and surface water sources.  

Recommendation: The City of Westminster does not use groundwater in its water system, so this regulation 
does not apply. No action is required. 

Solids and Hazardous Waste 
This section focuses on the development of regulations for solids generated at water treatment plants and 
includes the status of WTP solids regulations.  

Governing Bodies 

In the State of Colorado, the CDPHE has primacy over regulations pertaining to water treatment and solids 
disposal. However, regulations adopted by the CDPHE typically follow federal regulations established by 
EPA. 

United States Environmental Protection Agency 

In 1972, the Federal Water Pollution Control Act classified water treatment plant residuals as pollutants and 
the residuals were categorized as an industrial waste. Under this enactment any industrial waste point 
source into surface waters would require a National Pollutant Discharge Elimination System (NPDES) permit. 
Based on this regulatory change, any decant from lagoons, other than to the head of the plant or the 
sanitary sewer, required a permit under the NPDES. Decant from the solids drying lagoons at the Semper 
WTF is typically sent to the backwash reclamation pump station where it is recycled to the head of the plant. 
Under unusual circumstances, decant is sent to Metro. 

The Resource Conservation and Recovery Act (RCRA) has been the nation’s primary law outlining regulations 
for disposal of solid and hazardous waste. RCRA was adopted by Congress in October 1976 and amended the 
Solid Waste Disposal Act of 1965. Subtitle D addresses non-hazardous solid wastes, including certain 
hazardous wastes that are exempted from the Subtitle C regulations. The exempted wastes include sludge 
from industrial and municipal wastewater and water treatment plants. RCRA does not authorize EPA to issue 
Federal permits for disposal of Subtitle D wastes. Rather, under Subtitle D, state and local governments are 
the primary planning, permitting, regulating, implementing, and enforcement agencies. EPA establishes 
technical design and operating criteria, which the states must include in their own regulations at a 
minimum.  

In 1993, EPA established the Standards for Use or Disposal of Sewage Sludge (40 CFR Part 503). The rule 
focused on residuals generated from sewage or wastewater treatment plants and exclusions from Part 503 
that include drinking water residuals generated during the process of surface water treatment. For water 
treatment residuals, Part 503 references 40 CFR Part 258 Criteria for Municipal Solid Waste Landfills for 
disposal to a landfill, and 40 CFR Part 257 Criteria for Classification of Solid Waste Disposal Facilities and 
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Practices for land application. Colorado regulations are consistent with these Federal regulations and are the 
same in many cases. 

Colorado Department of Public Health and Environment Requirements 

Regulations governing solid waste disposal in Colorado are covered, depending on the situation, under 
either the Solid Waste Program in the Hazardous Materials and Waste Management Division (HMWMD) or 
the Water Quality Control Division (WQCD). In the past, regulations pertaining to biosolids and beneficial 
use have been regulated through the WQCD. Recent changes in regulation jurisdiction have shifted 
oversight of water treatment plant residuals away from WQCD to the Solid Waste Program in the HMWMD. 

With these changes, the Solid Waste Program in the HMWMD will oversee the following: 
• 6 CCR 1007-2, Regulations Pertaining to Solid Waste Sites and Facilities
• 5 CCR 1003-7, Regulations Pertaining to the Beneficial Use of Water Treatment Sludge and Fees

Applicable the Beneficial Use of Sludges
• 6 CCR 1007-3, Hazardous Waste Regulations

The WQCD will oversee 5 CCR 1002-64, Biosolids Regulation. 

Water Treatment Plant Residuals (Waste Impoundments) 

Waste impoundments for water treatment plant residuals are regulated under the Regulations Pertaining to 
Solid Waste Sites and Facilities (6 CCR 1007-2), updated in January 2014. Section 9 presents the regulatory 
requirements for facilities that store, treat, utilize, process, or deposit solid waste, which includes 
wastewater impoundments at drinking water treatment facilities or water treatment residuals. This 
regulation requires water treatment plants to permit waste impoundments at each facility through the Solid 
Waste Program.  

Waste impoundments at water treatment facilities may include solids drying beds, backwash ponds that do 
not recycle, and drying pad areas. The regulation lists several facilities that are exempt from being classified 
as waste impoundments, including raw water impoundments; impoundments where the design and primary 
function are retaining or detaining stormwater for water quality or flood control purposes as required by 
any state, district, or local requirement; secondary containment; backwash ponds that recycle water back to 
the head of the plant; and process tanks.  

The two solids drying lagoons at the Semper WTF are exempt from classification as waste impoundments 
because water is recycled to the head of the plant for further treatment (per Section 9.1.2.A.6 of the 
regulation). 

Recommendation: The solids drying lagoons at Semper are exempt from classification as a waste 
impoundment, so this regulation does not apply. No action is required. 

Future Solids Regulatory Issues 

Technologically Enhanced Naturally Occurring Radioactive Materials 

Technologically Enhanced Naturally Occurring Radioactive Materials (TENORMs) are materials in which the 
naturally occurring radionuclides (such as radium, uranium, and thorium) have been concentrated through 
anthropogenic activity. An example of TENORM is a water treatment plant where naturally occurring 
radionuclides are removed from the water during treatment and concentrated in the residuals. The CDPHE 
Water Quality Control Division finalized a guidance document for the management of water treatment plant 
solids titled, “Interim Policy and Guidance Pending Rulemaking for Control and Disposition of Technologically 
Enhanced Naturally Occurring Radioactive Materials in Colorado (final draft for comment February 2007),” 
referred to as the 2007 TENORM Draft Report.  
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In 2014 CDPHE began the TENORM Policy Development Stakeholder Process to revise the 2007 TENORM 
Draft Report. The most recent draft of the policy revision was issued in July 2014. Two changes noted in the 
draft include the following: 
• Aligning the Colorado regulatory definition for source material with that used by the Nuclear Regulatory

Commission (NRC). The previous Colorado definition excluded materials that contain by weight
0.05 percent or less of uranium, thorium, or any combination. The broader NRC definition specifies
uranium or thorium, or any combination, in any physical or chemical form and addresses the low-level
quantities as “unimportant quantities” (UQ). This change will allow CDPHE to consider alternative
methods for management of the material without invoking radioactive materials licensing.

• Shifting focus from an industry-specific material (such as drinking water residuals) to a general approach
of all media that contain TENORM.

Stakeholder meetings are ongoing at this time. 

The following criteria were retained in the 2014 policy revision (CDPHE, 2014) from the original 2007 policy: 
• Materials that do not exceed the following limits may be managed without consideration of the

radioactive constituents:
− Combined Ra-226/Ra-228 3 pCi/g above background 
− Natural Uranium 30 pCi/g above background 
− Natural Thorium 3 pCi/g above background 

• Materials that exceed the following limits will require a radioactive materials license and will be directly
regulated by the Radioactive Materials Unit:
− Combined Ra-226/Ra-228 50 pCi/g above background 
− Source materials greater than 0.05% by mass: 

o Natural Uranium  339 pCi/g above background, or 
o Natural Thorium  55 pCi/g above background 
If both natural uranium and natural thorium are present unity applies (i.e., the sum of the factions of 
the limits for natural uranium and natural thorium may not exceed 1). 

In addition to the above-mentioned requirements for a radioactive materials license, a radioactive materials 
license would likely be required for the possession and handling of TENORM and UQ materials if there is any 
chance that operations involving the handling of the materials would cause a member of the public, 
including non-radiation workers, to receive an exposure in excess of 25 mrem in any year. 

Recommendation: No modification to the City of Westminster’s existing monitoring program is proposed. 
The City of Westminster currently samples the Semper residuals for Combined Ra-226/Ra-228, uranium, and 
thorium to determine their concentrations so that the City of Westminster can properly dispose of the 
residuals before their removal from the basin.  

Co-mingling of Drinking Water Treatment Residuals and Biosolids 

The State of Colorado recently changed the divisional authority for the regulation of beneficial use of 
drinking water treatment residuals from the WQCD to the HMWMD. Due to this change and the change to 
the definition of biosolids in Regulation 64 that clearly excludes water treatment sludge from biosolids, the 
WQCD will not allow co-mingling of biosolids and drinking water treatment residuals and the land 
application of the resulting mixture under a biosolids permit. Land application of water treatment plant 
residuals, without comingling, may be an option, but this application would be permitted and regulated 
through the HMWMD Solid Waste Program and must meet the requirements of the Solid Waste Sites and 
Facilities Regulation (6 CCR 1007-2, Section 12). This rule is specific to the land application of water 
treatment sludge; sludge that is sent to the sanitary sewer would be further treated by the downstream 
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wastewater treatment plant and subject to an Industrial Pre-Treatment program as well as Regulation 64 
governing the handling of biosolids created from the treatment process. 

Recommendations: NWTF residuals are treated by the City-owned Big Dry Creek Wastewater Treatment 
Plant. The City of Westminster should confirm that the appropriate pre-treatment authorizations were 
granted by the Metro Wastewater Reclamation District for disposal of Semper water treatment residuals in 
the sanitary sewer that ultimately reaches the Robert W. Hite WWTP. 
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ATTACHMENT 1 

Proposed Water Quality Monitoring Plan 





August 5, 2016 1 of 1

Section Section Title Recommendation Parameters Location Monitoring Frequency Regulary Reference (as applicable)

1.0

1.1 Inorganics & Metals
Consider expanding the current monitoring program to 

include more frequent testing 
Aluminum

Standley Lake, 1 Meter from 
Bottom

Quarterly, and reassess thereafter SDWA, Secondary MCL

1.2.1
Natural Organic 

Matter
Consider expanding the Standley Lake monitoring 

program to include SUVA
SUVA

Standley Lake, 1 Meter from 
Bottom

Quarterly, and reassess thereafter Liang and Singer, 2003

1.2.2 Health Impacts
Consider scheduling sampling for the DBP classes of 
HNM and HAN compounds to determin presence of 

absence in finished water supply
HNM and HAN Finished Water One time Daniel, Schenck, et al. 1986

1.5

1.5.3 MIB and Geosmin
Add MIB and Geosmin to monitoring program if the 

current monitoring program indicates the appearance 
of blue-green algae

MIB and Geosmin
Standley Lake, 1 Meter from 

Bottom
If water quality shifts, and blue-

green algae appears
N/A

2.2 Potential Future Drinking Water Regulations

2.2.3
Methyl Tertiary-

Butyl Ether (MTBE)

If not already doing so, the City of Westminster should 
begin implementing a monitoring program for MTBE in 

the raw water source. 

Methyl Tertiary-Butyl Ether 
(MTBE)

Standley Lake, 1 Meter from 
Bottom

Quarterly for two years, Annually 
thereafter

EPA recommends MTBE levels in the range of 20 to 40 
µg/L or below. 

2.2.4 Nitrosamines

While it would be unexpected for the City’s source 
water to contain these contaminants, it is 

recommended that the City implement a quarterly 
sampling program to characterize the presence of 

nitrosamines in the source water.

N-nitrosodimethylamine
(NDMA)

Standley Lake, 1 Meter from 
Bottom

Quarterly for two years, Annually 
thereafter

Although nitrosamines are listed as priority pollutants 
by the U.S. EPA, there are no drinking water standards. 

anatoxin-a
Standley Lake, 1 Meter from 

Bottom
Monthly 

anatoxin-a Finished Water Monthly

microcystin
Standley Lake, 1 Meter from 

Bottom
Monthly

microcystin Finished Water Monthly

cylindrospermopsin
Standley Lake, 1 Meter from 

Bottom
Monthly

cylindrospermopsin Finished Water Monthly

Physical and Biological Concerns

Attachment 2: Additional Recommendations Raw and Finished Water Quality Monitoring Plan

2.2.6
Cyanobacteria and 

Algal Toxins

If the current monitoring program indicates the 
appearance of blue-green algae, the City of 

Westminster should begin measuring anatoxin-a, 
microcystin and cylindrospermopsin in its raw and 

finished water supplies 

The World Health Organization has issued a provisional 
guideline for microcystin-LR of 1 µg/L. Currently there 

are no EPA regulations for algal toxins. 

Source Water Quality
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ATTACHMENT 2 

Wildfire Contaminant Data 





TOC (mg/L) 

Arsenic (ug/L) 



Manganese (mg/L) 

Ammonia (mg/L) 



Phosphorus (mg/L) 

Lead (ug/L) 



Selenium (ug/L) 

Total Coliforms (MPN-100mL) 



E.coli (MPN-100mL)

TSS (mg/L) 



Turbidity (NTU) 

Uranium (ug/L) 



Zinc (ug/L) 
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ATTACHMENT 3 

Additional Information 
on Current Drinking Water Regulations 
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Additional Information on Current Drinking Water Regulations 

A. Surface Water Treatment Rule
The Surface Water Treatment Rule (SWTR) was promulgated in 1989 to reduce the potential for pathogenic 
contamination of drinking water, in particular focusing on the control of viruses, Giardia lamblia, and 
Cryptosporidium. The rule applies to all public water systems that use surface water or groundwater under 
the direct influence of surface water. The major requirements of this regulation are these: 
• Filtration requirements for most waters (and criteria necessary to avoid the filtration requirements)
• Performance criteria for filtration based on effluent turbidity
• Disinfection requirements for both filtered and unfiltered systems
• Monitoring requirements for all surface water supplies

A summary of the monitoring requirements stipulated in the SWTR are provided in Table A.

Table A. Summary of Surface Water Treatment Rule Monitoring Requirements 

Analyte Location Frequency 

Primary Disinfectant Residual 
Concentration 

Effluent of primary disinfection process Daily (record at peak hourly flow rate) 

Secondary Disinfectant Residual 
Concentration* 

Entrance to the distribution system Continuous (record lowest daily value) 

Turbidity Filter effluent Every 4 hours 

Temperature Each location where the disinfectant residual 
is measured 

Daily 

Flow Rate Effluent of each disinfection process Daily (record peak hourly flow rate) 

*Heterotrophic bacteria measured as
heterotrophic plate count (HPC) may
be measured in lieu of the residual
disinfectant concentration

Within the distribution system (at the same 
points as total coliforms are sampled) 

At the same time as total coliforms are 
sampled 

The SWTR requires that source waters be treated to achieve the following removal between the raw water 
and a point prior to the first customer: 
• 4-log removal or inactivation of viruses
• 3-log removal or inactivation of Giardia lamblia
• 2-log removal of Cryptosporidium

To achieve this, filtration and disinfection are required as treatment techniques (TTs) for water systems 
supplied by surface water. These TTs are also applied to regulatory requirements for heterotrophic plate 
count bacteria, Legionella, and turbidity. Systems demonstrate compliance by meeting specific filtration 
turbidity performance and residual disinfection requirements. Each monitoring and treatment aspect of the 
SWTR is discussed briefly. 

Partial removal/inactivation credit is given to systems that provide adequate filtration. The actual amount of 
credit given for filtration depends upon the specific treatment processes at the plant. For well operated 
conventional treatment plants, a 2.5-log Giardia removal and 2-log virus removal credit is awarded. For well 
operated direct filtration plants, a 2.0-log credit Giardia removal and 1-log credit for virus removal is 
awarded. The remainder of the removal/inactivation requirement must be achieved through chemical 
disinfection. 
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Inactivation credit for chemical disinfection is based on microbial inactivation tables published by U.S. 
Environmental Protection Agency (EPA) in the Disinfection Profiling and Benchmarking Guidance Manual 
(August 1999, EPA 815-R-99-013). The guidance manual lists the chemical inactivation credit awarded for 
Giardia and viruses at a given contact time and disinfectant concentration for specific water temperatures 
and pH values. These tables are generally based on the calculation of disinfectant CT expressed in mg min/L, 
where C is the residual disinfectant concentration (mg/L) after primary disinfection and T is the T10, the 10th 
percentile detention time (minutes) during which the water was in contact with the disinfectant. 

A.1. Filtration Turbidity Performance

Each water treatment plant must monitor turbidity at each individual filter effluent (IFE) and at a point 
representative of the combined filter effluent (CFE). The CFE must be monitored at least every 4 hours and 
IFE must be monitored continuously (and recorded every 15 minutes). CFE must be less than 0.3 NTU for 
granular media filter and 0.1 NTU for the membrane filters in at least 95 percent of samples taken each 
month, never exceeding 1 NTU.  

A.2 Source Water Monitoring – Long Term 2 Enhanced Surface Water Treatment Rule

The Long Term 2 Enhanced Surface 
Water Treatment Rule (LT2ESWTR) 
requires systems to monitor 
source water to categorize the 
presence of Cryptosporidium and 
assign the appropriate “bin” 
classification. There are four bin 
classifications, and each has 
different treatment requirements. 
Bin classification, summarized in 
Table B, may require additional 
treatment above and beyond what 
is already provided at the plant. 

Sampling must occur monthly for 24 months and must be representative of source water to the plant prior 
to chemical addition and the backwash recycle stream.  

A.3 Microscopic Particulate Analysis

To obtain primacy from EPA, the State has developed several policy documents that are not included in the 
Colorado Primary Drinking Water Regulations (CPDWR). Colorado Department of Public Health and 
Environment’s (CDPHE’s) Safe Drinking Water Program Policy 4, titled “Surface Water Treatment Rule 
Performance Assessment, Proper Operation, and Fostering Improvement,” provides the method used to 
evaluate whether public water systems are meeting requirements for removal/inactivation under the SWTR. 
Microscopic particulate analysis (MPA) must be conducted by surface water systems to meet the 
requirements of Policy 4. Plant optimization is rewarded by CDPHE, and the Policy 4 guidance manual 
exempts any plant that meets Phase III and IV of the Partnership for Safe Water from MPA testing (see 
Appendix 1 in Policy 4 Guidance: Guidance on Proper Operations of Water Treatment Processes for the 
Control of Microbiological Contaminants). 

Further, though not explicitly defined in the regulations, the State requires MPA of treatment plants to 
demonstrate filter performance. This monitoring requirement is covered under Section 1.6.2 Performance 
Testing in the CPDWR (CDPHE 2010). Conventional and direct filtration plants are normally required to 
monitor raw water and combined filter effluent annually. A system may apply for reduced monitoring 
schedule of every 3 years with a request in writing to the State if the system is a member of the AWWA 
Partnership for Safe Water (Partnership).  

Table B. Summary of Long Term 2 Enhanced Surface Water Treatment Rule 
(LT2ESWTR) Bin Classificationa 

Mean Cryptosporidium Concentration Bin Classification 

<0.075 oocysts/L Bin 1 

0.075 to < 1.0 oocysts/L Bin 2 

1.0 to < 3.0 oocysts/L Bin 3 

≥ 3.0 oocysts/L Bin 4 

aLT2ESWTR Source Water Monitoring for Systems Serving at Least 10,000 People 
Factsheet (EPA 2006a). 
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MPA measures the log removal of microbes between the plant influent and filtered water. MPA is not 
necessarily indicative of treated water quality. A “dirty” source water that has more microbes to remove 
may result in a higher log removal than “clean” source water treated to the same level because fewer 
particles are removed to reach the same finished water quality. 

1.1. A.4 Residual Disinfection 

Westminster’s water treatment plants add ammonia downstream of the primary disinfection process to 
create chloramines and maintain a disinfectant residual in the distribution system as required by CPDWR 
(CDPHE 2010). Disinfectant concentration must be measured at each plant’s entry point to the distribution 
system and cannot be less than 0.20 mg/L for more than 4 hours. Residual disinfectant concentration must 
also be measured at the same points in the distribution system and at the same time as the total coliforms 
are sampled; residual cannot be undetectable in more than 5 percent of samples each month for 2 
consecutive months. 

B. Disinfectants and Disinfection Byproduct Rule
Increasing apprehension about the health effects of chlorinated drinking water led the EPA to promulgate 
compliance requirements for drinking water utilities using chlorine-based disinfectants (EPA 1979). These 
regulations aimed to minimize the formation of disinfection byproducts (DBPs) during drinking water 
treatment while simultaneously maintaining microbiological quality (EPA 1979). In 1979, EPA initially set the 
enforceable maximum contaminant levels (MCLs) for the total of the four regulated trihalomethanes (THM4; 
TTHM; i.e., bromoform, chloroform, bromodichloromethane, dibromochloromethane) at a yearly average of 
100 μg/L (EPA 1979).  

In 1998, EPA further attempted to mitigate the risks associated with drinking chlorinated water by 
promulgating the Stage 1 Disinfectants and Disinfection Byproducts Rule (Stage 1 D/DBP Rule), which 
established a maximum contaminant level (MCL) for the total of five selected haloacetic acids (HAA5; 
bromoacetic acid, chloroacetic acid, dibromoacetic acid, dichloroacetic acid, trichloracetic acid) at a running 
annual average of 60 μg/L (EPA 1998). The Stage 1 D/DBP also reduced THM4 MCL to a running annual 
average of 80 μg/L (EPA 1998). The MCLs were also set for chlorite at 1000 μg/L and bromate at 10 μg/L 
(EPA 1998). Beyond just promulgating MCLs for select DBPs, the Stage 1 D/DBP Rule also established 
monitoring standards and procedures, total organic carbon (TOC) reduction requirements, reporting and 
recording requirements, and maximum disinfectant residual levels (MRDLs) for disinfectants in the 
distribution system. The Stage 1 D/DBP Rule was updated in 2006 to the Stage 2 D/DBP Rule, which specified 
that the yearly average MCLs must be maintained at each sampling location in the distribution system and 
could no longer be an average of the readings at all locations, as this meant some sampling locations could 
surpass the MCL providing that the average of all the locations remained below the MCL (EPA 2006b).  

Disinfectants and DBPs are regulated under Stage 1 (EPA 1998) and Stage 2 Disinfection/Disinfection By-
Product Rule (D/DBP) (EPA 2006b). Federal and State regulations establish MCLs for disinfectants and 
disinfection byproducts (DBPs). Under the rule, total TTHMs and HAA5 must be monitored extensively in the 
distribution system. The rules also require a TT to further reduce DBP exposure by targeting TOC, a DBP 
precursor. Regulated disinfectants and disinfection byproducts are listed in Table C. 
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Table C. List of Regulated Disinfectants and Disinfection Byproducts - Colorado Primary Drinking Water Regulations – 
Colorado Primary Drinking Water Regulations 
Colorado Department of Public Health, 2010 

Federally Regulated Disinfectants 

Chlorine (as Cl2) Chlorine dioxidea 

Chloramines (as Cl2) 

Federally Regulated Disinfection Byproducts 

Total trihalomethanes (TTHM)B BromateC 

Haloacetic acids (5 total) (HAA5)B ChloriteA 

aChlorine dioxide and chlorite monitoring only applies to systems that use chlorine dioxide as a disinfectant or oxidant in the treatment 
process. Westminster does not use chlorine dioxide for disinfection. 
bTTHM and HAA5 monitored in the distribution system at locations based on the initial distribution system evaluation. 
cBromate monitoring only applies to systems that use ozone as a disinfectant or oxidant in the treatment process. None of the 
Westminster WTFs use ozone. 

Neither of the treatment plants in Westminster use ozone in the treatment process, therefore no 
monitoring is required for bromate (a DBP from ozone).  

B.1. TTHMs and HAA5

TTHMs and HAA5 have been monitored at locations throughout the distribution system to comply with 
Stage 1 D/DBPR. In preparation for compliance with Stage 2 D/DPBR, systems were required to complete an 
initial distribution system evaluation (IDSE). The purpose of the IDSE was to perform sampling at several 
locations in the distribution system (in addition to Stage 1 sites), and from these sites determine sampling 
sites for Stage 2. Sampling for Stage 2 was effective April 1, 2012. Stage 2 also requires a different reporting 
methodology for distribution samples; the running annual average is calculated for each individual sample 
location instead of for the samples from the individual water treatment plant sites.  

B.2. Treatment Technique for Disinfection Byproduct Precursors

TOC is a precursor to the formation of disinfection byproducts including TTHMs and HAA5s. Stage 1 D/DBPR 
requires conventional filtration systems provide enhanced coagulation or enhanced softening as a TT for 
removal of TOC unless alternative compliance criteria can be achieved. The definition of conventional 
filtration includes coagulation, flocculation, sedimentation, and filtration.  

C. Total Coliform Rule
Microbiological contaminants regulated by the Total Coliform Rule (TCR) include total coliform, fecal 
coliform, and E. coli (EPA 1989). Best Available Technologies (BATs) are technologies, TTs, or other means 
that the EPA Administrator determines are able to achieve requirements. BATs at each Westminster WTF 
that contribute to meeting the requirements of the TCR include filtration and disinfection, maintenance of a 
disinfection residual in the distribution system, and proper maintenance of the distribution system. 

Regular sampling is required at locations throughout the distribution system. The quantity of required 
samples changes based on the total population served by the system. In 2014, the minimum number of 
samples required by Westminster was 120 per month (based on a population served range of 96,001 to 
130,000, CDPHE WQCC, Regulation No. 11, Colorado Primary Drinking Water Regulations, 5 CCR 1002-11, 
TABLE 11.16-I). Compliance is achieved when no more than 5 percent of total samples in a month are 
positive for total coliform.  
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D. Drinking Water Contaminant Candidate List
As amended in 1996, the SDWA requires EPA to establish a list of contaminants that are known or 
anticipated to occur in public water systems and may require regulation under the SDWA.  

The first Contaminant Candidate List (CCL) was published by EPA in the Federal Register in March 1998. The 
list included 60 contaminants for regulatory consideration. EPA subsequently determined not to regulate 
nine of these contaminants:  
• Acanthamoeba
• Aldrin
• Dieldrin
• Hexachlorobutadiene
• Manganese (added again to CCL4)
• Metribuzin
• Naphthalene
• Sodium
• Sulfate

In February 2005, EPA published a second CCL that carried forward 51 of the contaminants from the first 
CCL; in July 2008, EPA subsequently determined not to regulate eleven of these contaminants:  
• Boron
• Dacthal mono-acid degradates
• Dacthal di-acid degradates
• 1,1-Dichloro-2,2-bis(p-chlorophenyl) ethylene
• 1,3-Dichloropropene
• 2,4--Dinitrotoluenes
• 2,6-Dinitrotoluenes
• s-Ethyl dipropylthiocarbamate
• Fonofos
• Terbacil
• 1,1,2,2-Tetrachloroethanes

In October 2009, EPA published the third CCL (CCL3). CCL3 was implemented based on a different process 
than the previous CCLs and included substantial expert input and recommendations from the National 
Academy of Science’s National Research Council, the National Drinking Water Advisory Council, and other 
groups. The final CCL3 list included 104 chemicals and 12 microbiological contaminants. In October 2014, 
EPA announced preliminary regulatory determination for five contaminants. Strontium in drinking water 
would be regulated; dimethoate, 1,3-dinitrobenzene, terbufos, and terbufos sulfone would not. 

In February 2015, EPA published the draft fourth CCL (CCL4). This draft (Table D) includes 100 chemicals and 
12 microbial contaminants. Note that two chemicals nominated to and included in the CCL4 list are 
nonyphenol and manganese. EPA had previously made a negative regulatory determination on manganese 
in 2003, but added the chemical to the draft CCL4 because of new neurological health effect data. 
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Table D. Draft Contaminant Candidate List 4 
Contaminant Name CASRN Information about the Contaminant 

Microbial Contaminants 

Adenovirus NA Virus that can cause respiratory illness and occasionally 
gastrointestinal illness. 

Caliciviruses NA Virus (includes Norovirus) causing mild self-limiting gastrointestinal 
illness. 

Campylobacter jejuni NA Bacterium causing mild self-limiting gastrointestinal illness. 

Enterovirus NA Viruses (including polioviruses, coxsackieviruses, and echoviruses) 
that can cause mild respiratory illness. 

Escherichia coli (0157) NA Toxin-producing bacterium causing gastrointestinal illness and kidney 
failure. 

Helicobacter pylori NA Bacterium sometimes found in the environment capable of colonizing 
in the human gut that can cause ulcers and cancer. 

Hepatitis A virus NA Virus that causes a liver disease and jaundice. 

Legionella pneumophila NA Bacterium found in the environment including hot water systems that 
causes lung diseases when inhaled. 

Mycobacterium avium NA Bacteria causing lung infections in immune-compromised people. 

Naegleria fowleri NA Protozoan parasite found in shallow, warm surface and ground water 
causing primary amebic meningoencephalitis. 

Salmonella enterica NA Bacterium causing mild self-limiting gastrointestinal illness. 

Shigella sonnei NA Bacterium causing mild self-limiting gastrointestinal illness and 
bloody diarrhea. 

Chemical Contaminants 

1,1-Dichloroethane 75-34-3 An industrial chemical used as a solvent. 

1,1,1,2-Tetrachloroethane 630-20-6 An industrial chemical used in the production of other substances. 

1,2,3-Trichloropropane 96-18-4 An industrial chemical used in paint manufacture. 

1,3-Butadiene 106-99-0 An industrial chemical used in rubber production. 

1,4-Dioxane 123-91-1 Used as a solvent or solvent stabilizer in the manufacture and 
processing of paper, cotton, textile products, automotive coolant, 
cosmetics, and shampoos.  

17 alpha-estradiol 57-91-0 An estrogenic hormone found in some pharmaceuticals. 

1-Butanol 71-36-3 Used in the production of other substances and as a paint solvent and 
food additive. 

2-Methoxyethanol 109-86-4 Used in consumer products, such as synthetic cosmetics, perfumes, 
fragrances, hair preparations, and skin lotions. 

2-Propen-1-ol 107-18-6 Used in the production of other substances, and in the manufacture 
of flavorings and perfumes.  

3-Hydroxycarbofuran 16655-82-6 A carbamate and pesticide degradate. The parent, carbofuran, is used 
as an insecticide. 

4,4’-Methylenedianiline 101-77-9 Used in the production of other substances, and as a corrosion 
inhibitor and curing agent for polyurethanes.  

Acephate 30560-19-1 Used as an insecticide. 

Acetaldehyde 75-07-0 Used in the production of other substances, and as a pesticide and 
food additive.  

Acetamide 60-35-5 Used as a solvent, solubilizer, plasticizer, and stabilizer. 

Acetochlor 34256-82-1 Used as an herbicide for weed control on agricultural crops. 



ADDITIONAL INFORMATION ON CURRENT DRINKING WATER REGULATIONS 

AUGUST 5, 2016 PAGE 61 OF 260 

Table D. Draft Contaminant Candidate List 4 
Contaminant Name CASRN Information about the Contaminant 

Acetochlor ethanesulfonic acid 187022-11-3 Acetochlor ethanesulfonic acid is an acetanilide pesticide degradate. 
The parent, acetochlor, is used as an herbicide for weed control on 
agricultural crops. 

Acetochlor oxanilic acid 184992-44-4 Acetochlor oxanilic acid is an acetanilide pesticide degradate. The 
parent, acetochlor, is used as an herbicide for weed control on 
agricultural crops. 

Acrolein 107-02-8 Used as an aquatic herbicide, rodenticide, and industrial chemical. 

Alachlor ethanesulfonic acid 142363-53-9 Alachlor ethanesulfonic acid is an acetanilide pesticide degradate. 
The parent, alachlor, is used as an herbicide for weed control on 
agricultural crops. 

Alachlor oxanilic acid 171262-17-2 Alachlor oxanilic acid is an acetanilide pesticide degradate. The 
parent, alachlor, is used as an herbicide for weed control on 
agricultural crops. 

alpha-Hexachlorocyclohexane 319-84-6 A component of benzene hexachloride formerly used as an 
insecticide. 

Aniline 62-53-3 Used as an industrial chemical, as a solvent, in the synthesis of 
explosives, rubber products, and in isocyanates. 

Bensulide 741-58-2 Used as an herbicide. 

Benzyl chloride 100-44-7 Used in the production of other substances, such as plastics, dyes, 
lubricants, gasoline, and pharmaceuticals. 

Butylated hydroxyanisole 25013-16-5 Used as a food additive (antioxidant). 

Captan 133-06-2 Used as a fungicide. 

Chlorate 14866-68-3 Used in agriculture as defoliants or desiccants and may occur in 
drinking water because of use of chlorine dioxide and hypochlorites. 

Chloromethane (methyl chloride) 74-87-3 Used as a foaming agent and in the production of other substances. 

Clethodim 110429-62-4 Used as an herbicide. 

Cobalt 7440-48-4 A naturally occurring element formerly used as cobaltus chloride in 
medicines and as a germicide. 

Cumene hydroperoxide 80-15-9 Used as an industrial chemical and in the production of other 
substances. 

Cyanotoxins (3)* Toxins naturally produced and released by cyanobacteria 
(“blue-green algae”). *Various studies suggest three cyanotoxins for 
consideration: Anatoxin-a, Microcystin-LR, and Cylindrospermopsin.  

Dicrotophos 141-66-2 Used as an insecticide. 

Dimethipin 55290-64-7 Used as an herbicide and plant growth regulator. 

Disulfoton 298-04-4 Used as an insecticide. 

Diuron 330-54-1 Used as an herbicide. 

Equilenin 517-0-9 Estrogenic hormone used in hormone replacement. 

Equilin 474-86-2 Estrogenic hormone used in hormone replacement. 

Erythromycin 114-07-8 Used as an antibiotic. 

Estradiol (17-beta estradiol) 50-28-2 An isomer of estradiol found in some pharmaceuticals. 

Estriol 50-27-1 A weak estrogenic hormone used in veterinary pharmaceuticals. 

Estrone 53-16-7 A precursor of estradiol used in veterinary and human 
pharmaceuticals. 

Ethinyl estradiol (17-alpha ethnyl 
estradiol) 

57-63-6 An estrogenic hormone used in veterinary and human oral 
contraceptives. 

Ethoprop 13194-48-4 Used as an insecticide. 
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Table D. Draft Contaminant Candidate List 4 
Contaminant Name CASRN Information about the Contaminant 

Ethylene glycol 107-21-1 Used as antifreeze, in textile manufacture, and is a cancelled 
pesticide. 

Ethylene oxide 75-21-8 Used as a fungicidal and insecticidal fumigant. 

Ethylene thiourea 96-45-7 Used in the production of other substances, such as for vulcanizing 
polychloroprene (neoprene) and polyacrylate rubbers, and as a 
pesticide.  

Fenamiphos 22224-92-6 Used as an insecticide. 

Formaldehyde 50-00-0 Used as a fungicide, may be a disinfection byproduct, and can occur 
naturally. 

Germanium 7440-56-4 A naturally-occurring element commonly used as germanium dioxide 
in phosphors, transistors, and diodes, and in electroplating. 

HCFC-22 75-45-6 Used as a refrigerant, as a low-temperature solvent, and in 
fluorocarbon resins, especially in tetrafluoroethylene polymers. 

Halon 1011 (bromochloromethane) 74-97-5 Used as a fire extinguishing fluid and to suppress explosions, as a 
solvent in the manufacturing of some pesticides, and as a DBP in 
drinking water. 

Hexane 110-54-3 Used as a solvent and is a naturally-occurring alkane. 

Hydrazine 302-01-2 Used in the production of other substances, such as rocket 
propellants, and as an oxygen and chlorine scavenging compound. 

Manganese 7439-96-5 Naturally occurring element used in a variety of applications and an 
essential nutrient in fortified foods. 

Mestranol 72-33-3 Used in veterinary and human pharmaceuticals, a precursor to 
ethinylestradiol. 

Methamidophos 10265-92-6 Used as an insecticide. 

Methanol 67-56-1 Used as an industrial solvent, a gasoline additive, and also as anti-
freeze. 

Methyl bromide (Bromomethane) 74-83-9 Has been used as a fumigant and as a fungicide. 

Methyl tert-butyl ether (MTBE) 1634-04-4 Used as an octane booster in gasoline, in the manufacture of 
isobutene, and as an extraction solvent. 

Metolachlor 51218-45-2 Used as an herbicide for weed control on agricultural crops. 

Metolachlor ethanesulfonic acid 171118-09-5 Metolachlor ethanesulfonic acid is an acetanilide pesticide degradate. 
The parent, metolachlor, is used as an herbicide for weed control on 
agricultural crops. 

Metolachlor oxanilic acid 152019-73-3 Metolachlor oxanilic acid is an acetanilide pesticide degradate. The 
parent, metolachlor, is used as an herbicide for weed control on 
agricultural crops. 

Molinate 2212-67-1 Used as an herbicide. 

Molybdenum 7439-98-7 A naturally occurring element commonly used as molybdenum 
trioxide as a chemical reagent.  

Nitrobenzene 98-95-3 Used in the production of aniline, as a solvent in the manufacture of 
paints, shoe polishes, floor polishes, metal polishes, explosives, dyes, 
pesticides and drugs (such as acetaminophen), and in its re-distilled 
form (oil of mirbane) as an inexpensive perfume for soaps. 

Nitroglycerin 55-63-0 Used in pharmaceuticals, in the production of explosives, and in 
rocket propellants. 

N-Methyl-2-pyrrolidone 872-50-4 A solvent in the chemical industry, and is used for pesticide 
application and in food packaging materials. 
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Table D. Draft Contaminant Candidate List 4 
Contaminant Name CASRN Information about the Contaminant 

N-nitrosodiethylamine (NDEA) 55-18-5 A nitrosamine used as an additive in gasoline and in lubricants, as an 
antioxidant, as a stabilizer in plastics, and also may be a disinfection 
byproduct. 

N-nitrosodimethylamine (NDMA) 62-75-9 A nitrosamine and has been formerly used in the production of 
rocket fuels, is used as an industrial solvent and an anti-oxidant, and 
also may be a disinfection byproduct. 

N-nitroso-di-n-propylamine (NDPA) 621-64-7 A nitrosamine and may be a disinfection byproduct. 

N-Nitrosodiphenylamine 86-30-6 A nitrosamine chemical reagent that is used as a rubber and polymer 
additive and may be a disinfection byproduct. 

N-nitrosopyrrolidine (NPYR) 930-55-2 A nitrosamine used as a research chemical and may be a disinfection 
byproduct. 

Nonylphenol 25154-52-3 Used in the preparation of lubricating oil additives, resins, 
plasticizers, and antioxidants for plastic and rubber. 

Norethindrone (19-Norethisterone) 68-22-4 A synthetic hormone used in oral contraceptives and hormone 
replacement therapy. 

n-Propylbenzene 103-65-1 Used in the manufacture of methylstyrene, in textile dyeing, and as a 
printing solvent, and is a constituent of asphalt and naphtha. 

o-Toluidine 95-53-4 Used in the production of other substances, such as dyes, rubber, 
pharmaceuticals and pesticides. 

Oxirane, methyl 75-56-9 An industrial chemical used in the production of other substances. 

Oxydemeton-methyl 301-12-2 Used as an insecticide. 

Oxyfluorfen 42874-03-3 Used as an herbicide. 

PFOS (perfluorooctane-sulfonic acid) 1763-23-1 Surfactant used in firefighting foams, upholstered furniture, and 
carpet, many are being phased out by U.S. manufacturers. 

PFOA (perfluorooctanoic acid) 335-67-1 Used for its emulsifier and surfactant properties in or as 
fluoropolymers (such as Teflon), fire-fighting foams, cleaners, 
cosmetics, greases and lubricants, paints, polishes, adhesives, and 
photographic films. 

Permethrin 52645-53-1 Used as an insecticide. 

Profenofos 41198-08-7 Used as an insecticide and an acaricide. 

Quinoline 91-22-5 Used in the production of other substances, and as a pharmaceutical 
(anti-malarial) and as a flavoring agent. 

RDX (Hexahydro-1,3,5-trinitro-1,3,5-
triazine) 

121-82-4 Used as an explosive. 

sec-Butylbenzene 135-98-8 Used as a solvent for coating compositions, in organic synthesis, as a 
plasticizer and in surfactants. 

Tebuconazole 107534-96-3 Used as a fungicide. 

Tebufenozide 112410-23-8 Used as an insecticide. 

Tellurium 13494-80-9 A naturally-occurring element and is commonly used as sodium 
tellurite in bacteriology and medicine. 

Thiodicarb 59669-26-0 Used as an insecticide. 

Thiophanate-methyl 23564-05-8 Used as a fungicide. 

Toluene diisocyanate 26471-62-5 Used in the manufacture of plastics. 

Tribufos 78-48-8 Used as an insecticide and as a cotton defoliant. 

Triethylamine 121-44-8 Used in the production of other substances, and as a stabilizer in 
herbicides and pesticides, in consumer products, in food additives, in 
photographic chemicals and in carpet cleaners. 
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Table D. Draft Contaminant Candidate List 4 
Contaminant Name CASRN Information about the Contaminant 

Triphenyltin hydroxide (TPTH) 76-87-9 Used as a pesticide. 

Urethane 51-79-6 Used as a paint ingredient. 

Vanadium 7440-62-2 A naturally-occurring element and is commonly used as vanadium 
pentoxide in the production of other substances and as a catalyst. 

Vinclozolin 50471-44-8 Used as a fungicide. 

Ziram 137-30-4 Used as a fungicide. 

Public comment on the Draft CCL 4 closed on April 16, 2015, and EPA’s final determination as to whether 
this list will be the final CCL4 is pending. After the list is finalized, EPA is to make a final determination as to 
whether to seek to regulate at least five of these contaminants. A subcommittee of the National Drinking 
Water Advisory Council was formed to advise EPA in this process. EPA has established a website to convey 
information regarding the CCL (http://www.epa.gov/safewater/ccl/). 

E. Unregulated Contaminant Monitoring Rule
On May 2, 2012, EPA published Unregulated Contaminant Monitoring Rule (UMCR) 3, which requires 
monitoring of 30 unregulated contaminants from 2013 through 2015. The UCMR program was developed in 
coordination with the CCL. The CCL is a list of contaminants that are not governed by national primary 
drinking water regulations, are known or anticipated to occur in public water systems, and may warrant 
regulation under the SDWA. The data collected through the UCMR program are being stored in the National 
Contaminant Occurrence Database to support analysis and review of contaminant occurrence, to guide the 
CCL selection process, and to support the Administrator’s determination of whether to regulate a 
contaminant in the interest of protecting public health.  

The UCMR 3 is divided into three separate lists: 
• Assessment Monitoring (List 1): All public water systems serving more than 100,000 people and

800 representative systems serving 10,000 or fewer customers must monitor for 21 chemical
contaminants during a 12-month period from January 2013 through December 2015.

• Screening Survey (List 2): All public water systems serving more than 100,000 customers,
320 representative systems serving 10,001 to 100,000 customers, and 480 systems serving 10,000 or
fewer customers must monitor for seven chemical contaminants during a 12-month period from January
2013 through December 2015.

• Pre-Screen Testing (List 3): Eight hundred representative public water systems that do not disinfect and
serve 1,000 or fewer customers must monitor for enterovirus and norovirus during a 12-month period
from January 2013 through December 2015.

The City of Westminster sampled for List 1 and List 2 of UCMR 3 from 2013 to 2014. The results revealed 
that only 6 of the 28 contaminants on the list were detected. All but one contaminant, chlorate, was 
detected above the reference level, but according to City staff is not a concern. 

F. Filter Backwash Recycling Rule
The Filter Backwash Recycling Rule (FBRR) is a regulation for all filtered surface water suppliers that recycle 
part or all filter backwash into the plant. The purpose of the FBRR is to require systems to review their 
recycle practices and, where appropriate, work with the State to make any necessary changes to current 
practices that may compromise microbial control. The FBRR was published in April 2000, with the final rule 
promulgated in April 2001. The FBRR contains the following key provisions: 
• All recycle flows must return prior to the point of the primary coagulant addition.

http://www.epa.gov/safewater/ccl/
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• Direct filtration plants are to provide information to the State on their current recycle practices.
• Systems meeting the criteria to perform a one-time self-assessment of their recycle practices and

consult with their primacy agencies to address and correct high-risk recycle operations.

The first element requires that all systems using surface water or groundwater under the direct influence of 
surface water return all recycle flows to the process prior to the point conventional filtration treatment or to 
an alternative location approved by CDPHE. The EPA Filter Backwash Recycling Rule Technical Guidance 
Manual clarifies that conventional filtration treatment should include coagulation, flocculation, 
sedimentation, and filtration. 

The second element requires that all direct filtration plants collect and document information about recycle 
flows including a list of all recycle flows, frequency of return, average and maximum backwash flow rates, 
average and maximum duration of filter backwash, typical filter run length, determination of filter run 
length, type of treatment provided for recycle flows, and data on equalization units (if applicable).  

The third element requires that all plants using 20 or fewer filters and directly recycling flows to the 
treatment process without any form of treatment on the recycle flow complete a self-assessment. The self-
assessment would be used to determine the effect of untreated recycle flows on the plant process. The 
State primacy agency would use the results of the self-assessment to determine the appropriate level of 
treatment of recycle flows. 

Systems were to notify the State of their recycle practices by October 2003, modify the recycle return 
location as required by June 2004, and complete the necessary capital improvements to comply with all rule 
requirements by June 2006. The City of Westminster complies with this regulation at the Northwest WTF by 
recycling prior to the point of primary coagulation.  

G. Radionuclide Rule
The original Radionuclides Rule was proposed in July 1991, but court action delayed final promulgation on 
the subject. The final Radionuclides Rule was published in the Federal Register on December 7, 2000 (EPA). 
The rule took effect in December 2003. 

In the final rule, EPA used authority under SDWA to set the MCL for uranium at 30 µg/L. This was the first 
time a standard was set at a higher-than-feasible level based on cost-benefit considerations. The standard 
for combined radium-226/228 remains at 5 pCi/L. However, the rule requires improved monitoring for 
radium. The final rule retains the interim standards for gross alpha particles at 15 pCi/L and for beta and 
photon emitters at 4 mrem. 

A summary of the final Radionuclides Rule is provided below: 
• Affected Systems: Community Water Systems. Non-community Water Systems, including transient and

non-transient, are exempt.
• MCLGs for radionuclides: Zero, including combined radium-226/228; gross alpha, beta particle and

photon radioactivity, and uranium.
• Radium MCL: Combined Ra-226 and Ra-228 MCL of 5 pCi/L based on new risk levels.
• Beta/Photon Radioactivity MCL:

− Less than or equal to 4 mrem/year to the total body or any given internal organ except for H-3 and
Sr-90, where H-3 is equal to 20,000 pCi/L and Sr-90 is equal to 8 pCi/L. 

− Total dose from co-occurring beta/photon emitters must be equal to or less than 4 mrem/year to 
the total body of any internal organ. 

− This MCL will be reviewed within 2 to 3 years based on a need for further re-evaluation of the risk 
management issues. 

• Gross alpha MCL: 15 pCi/L excluding uranium and radon, but including Ra-226, for this existing MCL.
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• Uranium MCL: 30 µg/L for this new MCL.
• Polonium-210: Part of gross alpha, monitoring for polonium-210 is required under the Unregulated

Contaminant Monitoring Rule (UCMR). Further action may be proposed at a later date.
• Lead-210: Not regulated, but monitoring is required under the UCMR. Further action may be proposed

at a later date.

Table E also lists the existing (1979) and the revised MCLs of the final Radionuclides Rule. 

Table E. Existing and Revised Maximum Contaminant Levels for Radionuclides 

Contaminant 1979 MCLs 2000 Radionuclide Rule MCLs 

Radium 226/228 5 pCi/L 5 pCi /L 

Uranium N/A 30 pCi /L 

Gross Alpha 15 pCi /L 15 pCi /L 

Beta Particles and Photon Emitters 4 mrem 4 mrem 

The City of Westminster last monitored finished water for radionuclides in 2012 with two sampling events at 
Semper WTP. Gross alpha radioactivity was measured at 0.2 pCi /L on June 4 and at 1.6 pCi /L on December 
3. Beta particles and photon emitters were measured at 0 pCi /L for both sampling events according to data
provided by the City of Westminster. Radium 226/228 and uranium do not appear to have been sampled.

H. Arsenic Rule
The original arsenic MCL of 50 µg/L was set by EPA in 1975 based on a Public Health Service Standard 
originally published in 1942. A new proposed Arsenic Rule was released in June 2000 and promulgated in 
2003 with compliance of the arsenic rule effective early in 2006. 

The following summarizes the major provisions and requirements of the rule: 
• The maximum contaminant level goal (MCLG) for arsenic in drinking water was set at zero.
• The MCL for arsenic was revised from 50 µg/L down to 10 µg/L by January 23, 2006.
• Beginning with Consumer Confidence Reports due by July 1, 2007, all Community Water Systems were

required to begin providing health information and arsenic concentrations in their annual reports for
water that exceeds 10 µg/L for arsenic.

Arsenic has been detected in the raw water at Standley Lake as reported in the water quality table, Table 1 
in the Technical Memorandum. All samples collected have been below the MCL. 

I. Lead and Copper Rule
The Lead and Copper Rule requires systems to monitor for water quality parameters (WQPs) at taps in the 
distribution system and optimize corrosion control in the system (EPA 2007). Optimization is measured by 
achieving lead and copper below action levels 0.015 mg/L and 1.3 mg/L respectively. Systems are not 
required to install corrosion control treatment steps if CDPHE determines the system has conducted 
activities equivalent to the corrosion control steps and deemed the system optimized for corrosion control. 

For the WTFs, the pH at the entry point to the distribution system trends towards the upper end of the 
regulatory limit with some samples for pH outside of the range. Based on information provided by the City 
of Westminster, CDPHE has issued a variance to allow pH measurements of up to 9, putting the WTFs in 
compliance with the Lead and Copper Rule. 
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J. Volatile Organic, Synthetic Organic and Inorganic Rules
EPA established MCLs, MCLGs, monitoring requirements, and best available technologies (BATs) for the 
removal of 65 chemical contaminants over a 5-year period after gathering and analyzing occurrence and 
health effects data (www.epa.gov/safewater/chemicalcontaminantrules/basicinformation.html). These rules 
are known as the Chemical Phase Rules and they define regulations for three contaminant groups: inorganic 
chemicals (IOCs), synthetic organic chemicals (SOCs), and volatile organic chemicals (VOCs). The 
contaminants regulated by the Chemical Phase Rules are outlined in Table G. The rules apply to all public 
water systems. Public water system type, size, and water source determine the contaminants to be 
monitored for that system.  

While data were not provided by the City of Westminster, the anticipation is that SOCs and VOCs, regulated 
by the Chemical Phase Rules, will not be detected in the City of Westminster finished water. Cadmium and 
chromium are either not detected in the finished water or are well below the established MCLs. No data 
were provided for antimony, beryllium, mercury, selenium, and thallium. Monitoring for cyanide is waived 
by CDPHE for the City of Westminster because the City demonstrated that the current system is not 
vulnerable to cyanide from industry.  

Table F. Chemical Contaminants Regulated by the Chemical Phase Rules 
Phased Rules VOC SOC IOC 

Phase I, July 7, 1987 
Effective: 1989 

Benzene 
Carbon tetrachloride 
p-dichlorobenzene
Trichloroethylene 
Vinyl chloride 
1,1,1-trichloroethane 
1,1-dichloroethylene 
1,2-dichloroethane 

Phase II, January 1991 
Effective: 1992 

Cis-1,2-dichloroethylene Alachlor Asbestos 
ethylbenzene Atrazine Cadmium 
chlorobenzene Carbofuran Chromium 
o-dichlorobenzene Chlordane Fluoride 
styrene EDB (ethylene dibromide) Mercury 
tetrachloroethylene DBCP (1,2-dibromo-3-chloropropane) Nitrate 
toluene heptachlor Nitrite 
Trans-1,2-dichloroethylene Heptachlor epoxide Selenium 
xylenes Lindane 
1,2-dichloropropane Methoxychlor 

Toxaphene 
PCBs 
2,4-D 
2,4,5-TP 

Phase IIB, July 1991 
Effective: 1993 

Pentachlorophenol Barium 

Phase V, July 1992 
Effective: 1994 

Nickel remanded 1995 

Dichloromethane Benzo(a)pyrene Antimony 
1,1,2-trichloroethane Dalapon Beryllium 
1,2,4-trichlorobenzene Di(ethylhexyl)-adipate Cyanide 

Di(ethylhexyl)-phthalate Nickel 
Dinoseb Thallium 
Diquat 
Endothall 
Endrin 

http://www.epa.gov/safewater/chemicalcontaminantrules/basicinformation.html
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Table F. Chemical Contaminants Regulated by the Chemical Phase Rules 
Phased Rules VOC SOC IOC 

Glyphosate 
Hexachlorobenzene 
Hexachlorocyclo-pentadiene 
Oxymal 
Picloram 
Simazine 
2,3,7,8-TCDD (dioxin) 

K. Fluoride
Phase II of the Chemical Contaminants Rule protects the public from crippling skeletal fluorosis. The rule sets 
the MCLG and MCL for fluoride at 4 mg/L. A secondary MCL of 2 mg/L was established to protect against 
dental fluorosis. Monitoring of fluoride concentration is required yearly for surface water sources and every 
3 years for groundwater sources. For systems practicing fluoridation, daily monitoring of fluoride at the 
entrance to the distribution system is recommended. The City of Westminster does not practice 
fluoridation. 

In April 2015 the Department of Health and Human Services (HHS) released the final Public Health Services 
(PHS) recommendation for fluoride in drinking water to prevent tooth decay. The new recommendation of 
0.7 mg/L of fluoride replaces the previous recommended range from 1962 of 0.7 to 1.2 mg/L. While the 
action is non-regulatory, the states are able to use these levels as a baseline.  

This scientific assessment will also guide EPA in making a determination on whether to lower the maximum 
amount of fluoride allowed in drinking water, which is set to prevent adverse health effects. The EPA MCL 
for fluoride of 4 mg/L remains unchanged. 

Fluoride occurs naturally in the environment, and the City of Westminster has a naturally occurring 
background fluoride concentration of 0.5 -0.7 mg/L.  

L. Storage Tank Rule
CDPHE added the Storage Tank Rule to the CPDWR effective May 1, 2015. Compliance with the new 
regulation is required by April 1, 2016. The new rule requires the City of Westminster to implement the 
following: 
• Develop a written plan for finished water storage tank inspections subject to CDPHE review.
• Perform and document periodic and comprehensive inspections of each finished water storage tank.

CDPHE defines a periodic inspection as a visual external tank inspection for sanitary defects that occurs at 
least quarterly. A comprehensive inspection is defined as an internal and external storage tank inspection to 
identify defects in the condition of the storage tank including, but not limited to, sanitary, structural, coating 
system, security, and safety defects. CDPHE requires comprehensive inspections occur at least every 5 years. 

. .
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Semper Water Treatment Facility 
Summary of Tracer Study Results 
PREPARED FOR:  City of Westminster

PREPARED BY:  CH2M 

DATE:  December 17, 2015 

PROJECT NUMBER:  662005 

Introduction 
The Colorado Department of Public Health and Environment (CDPHE) has recently implemented a 
Disinfection Outreach and Verification Effort (DOVE). Utilities are required to either conduct a tracer 
study or computational fluid dynamic (CFD) modeling to confirm the hydraulic baffling factor for their 
systems’ use in calculating the contact time (CT) being provided and to demonstrate that CT is adequate 
to meet regulatory requirements.  

This document summarizes the outcomes of four tracer studies conducted at the City of Westminster’s 
(City’s) Semper Water Treatment Facility (WTF). The result of the studies established accurate baffling 
factors for the disinfection process beginning with the addition of chlorine at the rapid mix box through 
the sedimentation basins for both the North and South trains at the Semper WTF pursuant to CDPHE 
requirements.  

In accordance with the tracer study protocol (Attachment A) that was developed for this work and 
reviewed by CDPHE, two studies were conducted on each of the two treatment trains at Semper WTF—
at a high flow of 20 MGD, and a low flow of 12 MGD—for a total of four tests. The calculated baffling 
factors will be integrated into the existing on‐line CT calculator that has been incorporated into Semper 
WTF’s SCADA system. Table 1 summarizes the outcomes of the four tests. 

Table 1. Tracer Test Outcomes 

Description 

Hydraulic 
Residence 
Time (HRT), 

min  Study Date  Flow Rate (MGD) 
Calculated Baffling 

Factor  T10 (min) 

North Train, High Flow  126.9  22‐Jul‐15   20  0.34  44 

North Train, Low Flow  211.4  28‐Aug‐15  12  0.43  92 

South Train, High Flow  127.9  24‐Aug‐15  20  0.35  46 

South Train, Low Flow  213.2  9‐Sep‐15  12  0.43  93 

Notes: 
1. North train system volume is 1,780,234 gallons with all four sedimentation basins online.
2. South train system volume is 1,796,361 gallons with all four sedimentation basins online.
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Tracer Study Tests 
A brief summary of the test procedures utilized for each of the four tests is described below. 

North Train, High Flow 

This test was conducted on Wednesday, July 22, 2015 using lithium chloride as the tracer chemical. A 
slug dose of lithium chloride (purity 99.5%) was fed to the Rapid Mix Box at 8 a.m. to initiate the test. 
The 500‐gram lithium chloride bottles were measured before and after administration into the water 
system, and the verified masses of the 500‐gram bottles of lithium chloride that were used for the test’s 
slug dose totaled to 19.95 pounds (as shown in Table 2; the detail for each measurement is provided in 
Table B‐1.1 of Attachment B‐1). The total weight of lithium chloride used multiplied by the percent 
weight of lithium in lithium chloride calculated the exact amount of lithium that entered the system. A 
total dose of 9048.59 grams of lithium chloride was introduced to the system, which correlates to 
1473.7 grams, or about 3.25 pounds, of lithium: 

9048.59	 	 ∗
0.164	 	

1	 	
∗ 0.995	 ∗

0.002205	
1	

3.25	  

Table 2. North Train, High Flow Tracer Parameters 

Parameter   Value 

Mass of LiCl Added (g)  9048.59 

Mass of LiCl Added (lb)  19.95 

Purity of Tracer  99.5% 

% Li in LiCl  16.4% 

Mass of Li Added (g)  1473.73 

Mass of Li Added (lb)  3.25 

   

As described in the tracer protocol, disinfection system chlorine was used as a bellwether for predicting 
the peak concentration time of the lithium tracer during the test as lithium cannot be analyzed on‐line. 
Prior to test time, the chlorine dose was lowered to 2 mg/L. At 8:00 a.m. on July 22, the chlorine feed 
was increased to 3.0 mg/L. The feed was reduced to 2.5 mg/L at 9:20 a.m. with that feed rate held 
through the duration of the test. Figure 1 shows chlorine concentration and flow over time. After the 
initial tracer study was completed, the data was reviewed with CDPHE. It was mutually agreed that the 
chlorine residual did not provide a good surrogate for the lithium tracer so the chlorine dose was not 
modified with the subsequent tracer studies. 
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Figure 1. Chlorine Concentration and Flow over Time for the North Train High Flow Test, July 22, 2015 

Initial test parameters are listed in Table 3, including flow rate, background concentration, and 
conditions for the system train. Prior to testing, raw water background lithium concentration was 
determined to be 0.015 mg/L based on the average of three background lithium samples (N‐HF‐BKG1, N‐
HF‐BKG2, and N‐HF‐BKG3) that were collected immediately prior to the test. (These measurements are 
provided in Table B‐1.2 as part of Attachment B‐1.) In the analysis, the background lithium 
concentration was subtracted from the lithium concentration sample results. 

Table 3. North Train, High Flow Initial Test Parameters 

Parameter   Value 

Background Conc. (mg/L)  0.015 

Flow Rate (MGD)  20.0353 

Hydraulic Residence Time (HRT) (min)  127.95 

Note: HRT is computed as V/Q, where V is the system volume in gallons and Q is the flow rate in gallons per minute. 

City of Westminster staff collected a total of 51 grab samples over an 11‐hour period, plus three 
background samples and four field duplicate samples. The last sample was collected at 6:52 p.m. on 
July 22, 2015. At the conclusion of the test, water samples collected from the sample point downstream 
of sedimentation basin were sent to Eurofins laboratory for analysis. Analysis was performed on July 29, 
2015 by EPA Method 200.7 – ICP Metals1. The method recovery limit was 0.001 mg/L. Eurofins Report 
545000 is provided in Attachment B‐1. 
   

                                                            
1 National Environmental Methods Index. EPA‐NERL: 200.7: Metals in Water by ICP‐AES. 
https://www.nemi.gov/methods/method_summary/4690/ 
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North Train, Low Flow 

This test was conducted on Friday, August 28, 2015 using lithium chloride as the tracer chemical. A slug 
dose of lithium chloride (purity 99.5%) was fed to the Rapid Mix Box at 8:00 a.m. to initiate the test. The 
lithium chloride bottles were measured before and after administration into the water system, and the 
verified masses of the 500‐gram, 1,000‐gram and 2,500‐gram bottles of lithium chloride that were used 
for the test’s slug dose totaled 19.91 pounds (as shown in Table 4; the detail for each measurement is 
provided in Table B‐2.1 as part of Attachment B‐2.) The total weight of lithium chloride used multiplied 
by the percent weight of lithium in lithium chloride calculated the exact amount of lithium that entered 
the system. A total dose of 9029.36 grams of lithium chloride was introduced to the system, which 
correlates to 1470.59 grams, or about 3.24 pounds, of lithium: 

9029.36	 	 ∗
0.164	 	

1	 	
∗ 0.995	 ∗

0.002205	
1	

3.24	  

Table 4. North Train, Low Flow Tracer Parameters 

Parameter   Value 

Mass of LiCl Added (g)  9029.36 

Mass of LiCl Added (lb)  19.91 

Purity of Tracer  99.5% 

% Li in LiCl  16.4% 

Mass of Li Added (g)  1470.59 

Mass of Li Added (lb)  3.24 

   

Initial test parameters are listed in Table 5, including flow rate, background concentration, and 
conditions for the system train. Prior to testing, raw water background lithium concentration was 
determined to be 0.011 mg/L based on the average of three background lithium samples (N‐LF‐BKG1, N‐
LF‐BKG2 and N‐LF‐BKG3) that were collected immediately prior to the test. (These measurements are 
provided in Table B‐2.2 as part of Attachment B‐2.) In the analysis, the background lithium 
concentration was subtracted from the lithium concentration sample results. 

Table 5. North Train, Low Flow Initial Test Parameters 

Parameter   Value 

Background Conc. (mg/L)  0.011 

Flow Rate (MGD)  12.010 

Hydraulic Retention Time (min)  213.45 

   

City of Westminster staff collected a total of 43 grab samples over a 12‐hour period, plus three 
background samples and three field duplicate samples. The last sample was collected at 7:38 p.m. on 
August 28, 2015. At the conclusion of the test, water samples collected from the sample point 
downstream of sedimentation basin were sent to Eurofins laboratory for analysis. Analysis was 
performed on September 2, 2015 by EPA Method 200.7 – ICP Metals2. The method recovery limit was 
0.01 mg/L. Eurofins Report 550962 is provided in Attachment B‐2. A relatively constant flow was 

                                                            
2 Ibid. 
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maintained for the duration of the test, as shown in Figure 2 which presents the flow rate versus time 
during the tracer test. 

 

Figure 2. Flow over Time for the North Train Low Flow Test, August 28, 2015 

South Train, High Flow 

This test was conducted on Monday, August 24, 2015 using lithium chloride as the tracer chemical. A 
slug dose of lithium chloride (purity 99.5%) was fed to the Rapid Mix Box at 8:00 a.m. to initiate the test. 
The lithium chloride bottles were measured before and after administration into the water system, and 
the verified masses of the 1,500‐gram and 2,500‐gram bottles of lithium chloride that were used for the 
test’s slug dose totaled to 19.71 pounds (as shown in Table 6; the detail for each measurement is 
provided in Table B‐3.1 as part of Attachment B‐3.) The total weight of lithium chloride used multiplied 
by the percent weight of lithium in lithium chloride calculated the exact amount of lithium that entered 
the system. A total dose of 8939.00 grams of lithium chloride was introduced to the system, which 
correlates to 1455.88 grams, or about 3.21 pounds, of lithium: 

8939.00	 	 ∗
0.164	 	

1	 	
∗ 0.995	 ∗

0.002205	
1	

3.21	  

Table 6. South Train, High Flow Tracer Parameters 

Parameter   Value 

Mass of LiCl Added (g)  8939.00 

Mass of LiCl Added (lb)  19.71 

Purity of Tracer  99.5% 

% Li in LiCl  16.4% 

Mass of Li Added (g)  1455.88 

Mass of Li Added (lb)  3.21 
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Initial test parameters are listed in Table 7, including flow rate, background concentration, and 
conditions for the system train. Prior to testing, raw water background lithium concentration was 
determined to be 0.012 mg/L based on the average of three background lithium samples (S‐HF‐BLG1, S‐
HF‐BLG2 and S‐HF‐BLG3) that were collected immediately prior to the test. (These measurements are 
provided in Table B‐3.2 as part of Attachment B‐3.) In the analysis, the background lithium 
concentration was subtracted from the lithium concentration sample results.  

Table 7. South Train, High Flow Initial Test Parameters 

Parameter   Value 

Background Conc. (mg/L)  0.012 

Flow Rate (MGD)  19.993 

Hydraulic Retention Time V/Q) (min)  129.38 

   

City of Westminster staff collected a total of 46 grab samples over an 8‐hour period, plus three 
background samples and three field duplicate samples. The last sample was collected at 3:50 p.m. on 
August 24, 2015. At the conclusion of the test, water samples collected from the sample point 
downstream of sedimentation basin were sent to Eurofins laboratory for analysis. Analysis was 
performed on September 2, 2015 by EPA Method 200.7 – ICP Metals. The method recovery limit was 
0.01 mg/L. Eurofins Report 550242 is provided in Attachment B‐3. The flow over time during the tracer 
test is shown in Figure 3. 

 

Figure 3. Chlorine Concentration and Flow over Time for the South Train High Flow Test, August 24, 2015 
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South Train, Low Flow 

This test was conducted on Friday, September 4, 2015 using lithium chloride as the tracer chemical. A 
slug dose of lithium chloride (purity 99.5%) was fed to the Rapid Mix Box at 8:00 a.m. to initiate the test. 
The lithium chloride bottles were measured before and after administration into the water system, and 
the verified masses of the 1,500‐gram and 2,500‐gram bottles of lithium chloride that were used for the 
test’s slug dose totaled to 20.31 pounds (as shown in Table 8; the detail for each measurement is 
provided in Table B‐4.1 as part of Attachment B‐4.) The total weight of lithium chloride used multiplied 
by the percent weight of lithium in lithium chloride calculated the exact amount of lithium that entered 
the system. A total dose of 9214.39 grams of lithium chloride was introduced to the system, which 
correlates to 1500.73 grams, or about 3.31 pounds, of lithium: 

9214.39	 	 ∗
0.164	 	

1	 	
∗ 0.995	 ∗

0.002205	
1	

3.31	  

Table 8. South Train, Low Flow Tracer Parameters 

Parameter   Value 

Mass of LiCl Added (g)  9214.39 

Mass of LiCl Added (lb)  20.31 

Purity of Tracer  99.5% 

% Li in LiCl  16.4% 

Mass of Li Added (g)  1500.73 

Mass of Li Added (lb)  3.31 

   

Initial test parameters are listed in Table 9, including flow rate, background concentration, and 
conditions for the system train. Prior to testing, raw water background lithium concentration was 
determined to be 0.014 mg/L based on the average of three background lithium samples (S‐LF‐BKG1, S‐
LF‐BKG2 and S‐LF‐BKG3) that were collected immediately prior to the test. (These measurements are 
provided in Table B‐4.2 as part of Attachment B‐4.) In the analysis, the background lithium 
concentration was subtracted from the lithium concentration sample results. 

Table 9. South Train, Low Flow Initial Test Parameters 

Parameter   Value 

Background Conc. (mg/L)  0.014 

Flow Rate (MGD)  12.032 

HRT (V/Q) (min)  214.99 
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City of Westminster staff collected a total of 43 grab samples over a 12‐hour period, plus three 
background samples and three field duplicate samples. The last sample was collected at 7:38 p.m. on 
September 4, 2015. At the conclusion of the test, water samples collected from the sample point 
downstream of sedimentation basin were sent to Eurofins laboratory for analysis. Analysis was 
performed on September 17, 2015 by EPA Method 200.7 – ICP Metals. The method recovery limit was 
0.01 mg/L. Eurofins Report 550242 is provided in Attachment B‐4. The flow over time during the tracer 
test is shown in Figure 4. 

 

Figure 4. Chlorine Concentration and Flow over Time for the South Train Low Flow Test,  
September 4, 2015 

Data 
North Train, High Flow 

The lithium chloride concentration and recovery results are shown in Table B‐1.3 as provided in 
Attachment B‐1, and laboratory results as provided by Eurofins. The normalized concentration 
represents the laboratory result minus the background concentration. Incremental recovery represents 
the total mass of lithium recovered for that sample period. Cumulative recovery represents the sum of 
the incremental recovery from that sample period plus all previous incremental recoveries. Samples 
where field duplicates were collected are denoted with an asterisk in the table. The field duplicate 
results were not incorporated into the normalized concentration and recovery calculations.  

The concentration versus time in addition to the recovery data is depicted graphically as Figure 5. The 
cumulative recovery is shown on the curve, which allows for the identification of T10 based on 
10‐percent total recovery. As shown on the graph, T10 for the North Train High Flow test is 44 minutes. 
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Figure 5. Lithium Concentration, Cumulative Recovery, and T10  
for the North Train High Flow Test 

North Train, Low Flow 

The lithium chloride concentration and recovery results are shown in Table B‐2.3 as provided in 
Attachment B‐2, and laboratory results as provided by Eurofins. The normalized concentration 
represents the laboratory result minus the background concentration. Incremental recovery represents 
the total mass of lithium recovered for that sample period. Cumulative recovery represents the sum of 
the incremental recovery from that sample period plus all previous incremental recoveries. Samples 
where field duplicates were collected are denoted with an asterisk in the table. The field duplicate 
results were not incorporated into the normalized concentration and recovery calculations. 

The concentration versus time in addition to the recovery data is depicted graphically as Figure 6. The 
cumulative recovery is shown on the curve, which allows for the identification of T10 based on 
10‐percent total recovery. As shown on the graph, T10 for the North Train Low Flow test is 92 minutes. 

0

300

600

900

1,200

1,500

1,800

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0 60 120 180 240 300 360 420 480 540 600 660

M
as
s 
(g
)

Li
 C
o
n
ce
n
tr
at
io
n
 (
m
g/
L)

Time (min)

Li Conc. Cumulative Recovery 10% Total Li Slug T10



SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

PAGE 10 OF 180  DECEMBER 18, 2015 

 

Figure 6. Lithium Concentration, Cumulative Recovery, and T10 for the North Train Low Flow Test 

South Train, High Flow 

The lithium chloride concentration and recovery results are shown in Table B‐3.3 as provided in 
Attachment B‐3, and laboratory results as provided by Eurofins. The normalized concentration 
represents the laboratory result minus the background concentration. Incremental recovery represents 
the total mass of lithium recovered for that sample period. Cumulative recovery represents the sum of 
the incremental recovery from that sample period plus all previous incremental recoveries. Samples 
where field duplicates were collected are denoted with an asterisk in the table. The field duplicate 
results were not incorporated into the normalized concentration and recovery calculations 

The concentration versus time in addition to the recovery data is depicted graphically as Figure 7. The 
cumulative recovery is shown on the curve, which allows for the identification of T10 based on 
10‐percent total recovery. As shown on the graph, T10 for the South Train High Flow test is 46 minutes.  
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Figure 7. Lithium Concentration, Cumulative Recovery, and T10 for the South Train High Flow Test  

South Train, Low Flow 

The lithium chloride concentration and recovery results are shown in Table B‐4.3 as provided in 
Attachment B‐4, and laboratory results as provided by Eurofins. The normalized concentration 
represents the laboratory result minus the background concentration. Incremental recovery represents 
the total mass of lithium recovered for that sample period. Cumulative recovery represents the sum of 
the incremental recovery from that sample period plus all previous incremental recoveries. Samples 
where field duplicates were collected are denoted with an asterisk in the table. The field duplicate 
results were not incorporated into the normalized concentration and recovery calculations. 
The concentration versus time in addition to the recovery data is depicted graphically as Figure 8. The 
cumulative recovery is shown on the curve, which allows for the identification of T10 based on 
10‐percent total recovery. As shown on the graph, T10 for the South Train Low Flow test is 93 minutes. 
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Figure 8. Lithium Concentration, Cumulative Recovery, and T10 for the South Train Low Flow Test  

Analysis of Lithium Concentration Data 
Using the concentration data, the concentration curves were constructed (shown in blue dots on 
Figures 5 through 8). Incremental recovery of lithium was calculated by taking the average between 
concentration data points, multiplying by the change in time (∆ , ) and average flow rate (Q, gpm), 
and converting to grams as shown in the equation below.  

, ,

2
∗ ∆ ∗  

Summation of the incremental recovery over time provides the cumulative recovery, which 
characterizes the shape of the recovery curve (shown as a solid orange line). It should be noted that the 
final cumulative recovery very closely agrees with the dose of tracer chemical administered at the 
beginning of the test, as shown in Table 10. Given that the recovery rates are all greater than 90 
percent, this indicates that four well‐run test were achieved according to Tracer Studies in Water 
Treatment Facilities: A Protocol and Case Studies (AWWARF, 1996).  

Table 10. Released and Recovered of Lithium Mass Slugs 

Test 
Total Li Mass  
Released (g) 

Total Li Mass 
Recovered (g)  Percent Recovery 

North Train, High Flow  1472.72  1504.85  102.8% 

North Train, Low Flow  1470.59  1365.96  92.8% 

South Train, High Flow  1455.88  1386.06  95.2% 

South Train, Low Flow  1500.73  1408.45  93.9% 

Note: After the first tracer study was completed (North Train, High Flow), it was determined that nearly full recovery of the 
lithium occurred with less than 3 HRTs. Therefore, the test durations were shorted for the subsequent tests  
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The benefit of plotting Figures 5 through 8 is the simplicity in finding T10, or the point in time at which 
10 percent of the total amount of tracer has been recovered. The intersection of the cumulative 
recovery curve (solid line in Figures 5 through 8) and one‐tenth of the total amount of tracer injected 
into the system (shown as a long dashed line) followed down to time on the horizontal axis represents 
the T10. Linear interpolation was used between the samples immediately before and immediately after 
the intersection to find T10. The linear interpolation formula in this case is: 

∗  

For example, T10 for the north train at high flow was equal to 43.65 minutes.  

Calculating the Baffling Factor 

The baffling factor provides an indication of the degree of mixing provided through the portion of the 
treatment process for which the baffling factor is calculated. When the baffling factor approaches a 
value of one, this is representative of a plug flow reactor (PFR), or a vessel with no back‐mixing. This can 
be thought of as an idealized pipe with no friction along the walls. For a continuous‐flow stirred tank 
reactor (CSTR), the baffling factor approaches zero. This type of reactor is pictured as a perfectly mixed 
rapid mix chamber. In reality, the result is somewhere in between these two models. Based on the T10 
calculated for each train at each flow, the baffling factor was then calculated by dividing T10 by the 
Hydraulic Retention Time (HRT). For example, based on the data for the north train at high flow 
(Table 11), T10/HRT is 0.34 as shown in the following equation: 

	
44	

	
	 	

44	
127.95	

0.34 

The calculated baffling factor represents the non‐ideal flow from the third chamber of the rapid mixer 
(shown as Sodium Hypochlorite Feed Point/Flash Mix in Attachment 1, Figure 1) to the effluent junction 
box. However, the actual free chlorine CT will be reported only from the rapid mixer to where the 
sedimentation basin effluent pipes leave the building and meet the proposed free chlorine sample 
points (shown as red ovals in Attachment 1, Figure 1). While the water in the buried effluent pipes 
outside the building and the effluent junction box represents only a small portion of the flow, it must 
still be subtracted from the total. For example, the north train buried sedimentation basin effluent pipes 
and the effluent junction box represent approximately 18,215 gallons, which is 1.03 percent of the total 
volume of 1,762,019 gallons as shown in Table 11. For the south train, buried sedimentation basin 
effluent pipes and the effluent junction box represent approximately 19,315 gallons, which is 1.08 
percent of the total volume of 1,796,361 gallons. To account for this difference, the calculated baffling 
factor will be applied to the HRT based on CT volume, that is, the total volume minus the volume of the 
buried piping downstream of the proposed free chlorine sample point and the effluent junction box. 
This approach is conservative because it assumes there is no short‐circuiting in the pipe or effluent 
junction box; effectively, a baffling factor of 1 is applied to these volumes before they are subtracted 
from the total volume. This approach was reviewed and accepted by Jon Erickson of the Colorado 
Department of Public Health and Environment on a conference call on June 18, 2015 when the tracer 
study protocol was reviewed.  

The baffling factor results for the North and South Trains are similar, with values of 0.34 and 0.35 for the 
high‐flow scenarios and 0.43 and 0.43 for the low‐flow scenarios, respectively. On Figures 9 and 10, the 
baffle correction factors for each train are plotted on the y‐axis against the plant flow during the test 
condition plotted on the x‐axis. Based on the high‐ and low‐flow data characterized in Table 11, a linear 
relationship was developed for each of the trains.  
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Table 11. Baffling Factor Calculation Information 

Test 

Total 
Volume 
(gal) 

Volume Downstream of  
Chlorine Monitoring Point 
at Basin Effluent (gal) 

CT 
Volume 
(gal) 

Flow 
Rate 
(MGD) 

HRT 
(min) 

T10 
(min) 

Baffling 
Factor 

North Train, High Flow  1,780,234  18,215 (1.03%)  1,762,019  20.035  126.9  43.6  0.34 

North Train, Low Flow  1,780,234  18,215 (1.03%)  1,762,019  12.010  211.4  92.2  0.43 

South Train, High Flow  1,796,361  19,315 (1.08%)  1,777,046  19.993  127.9  46.1  0.35 

South Train, Low Flow  1,796,361  19,315 (1.08%)  1,777,046  12.032  213.2  92.6  0.43 

 

 
Figure 9. North Train ‐ Baffle Correction Factor vs. Flow 
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Figure 10. South Train ‐ Baffle Correction Factor vs. Flow 
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4
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It is important to note that the baffling factors reported in Table 11 were derived at plant flows lower 
than Semper’s rated capacity of 44 MGD (22 MGD per train). The recommended approach is to use a 
fixed baffling factor of 0.43 for flows below 12 MGD. For flows above 12 MGD, it is recommended that 
the North and South Train baffling factor equations presented above are used. 
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Attachment A 

CT Tracer Study Protocol for Semper WTF 





 

1 

 
 
 
T E C H N I C A L  M E M O R A N D U M   
 

CT Tracer Study Protocol for Semper WTF 
PREPARED FOR: City of Westminster 

PREPARED BY: CH2M 

DATE: July 21, 2015 

PROJECT NUMBER: 662005 

Purpose and Overview 
The Colorado Department of Public Health and Environment (CDPHE) has recently implemented a Disinfection 
Outreach and Verification Effort (DOVE) in which utilities are required to either conduct a tracer study or conduct 
computational fluid dynamic (CFD) modeling to determine the hydraulic baffling factor and demonstrate that an 
adequate CT is being provided to meet regulatory requirements.  

This document describes the protocol to be used in conducting a tracer study at the City of Westminster’s (City) 
Semper Water Treatment Facility (WTF). This protocol has been developed to be consistent with the U.S. EPA 
Disinfection Profiling and Benchmarking Guidance Manual (1999) as well as the  American Water Works Association 
Research Foundation Tracer Studies in Water Treatment Facilities: A Protocol and Case Studies (1996) as well as 
CDPHE’s Standard Operating Procedure for conducting a Tracer Study (DW.LAU.1.1).  

The City is proposing to conduct a Pulse Input Tracer Study utilizing lithium as the tracer chemical. A total of four 
tests will be conducted.  There will be two treatment trains each tested at  two flow rates (50 percent and 91 
percent of the sedimentation basins’ nominal capacity of 22 MGD per train) for each of the two treatment trains. 
The details of the tracer study protocol are further described within this technical memorandum (TM). 

Semper WTF Process Overview and Sampling Points 
The Semper WTF began operation in 1970 and has undergone several expansions and process improvement 
upgrades since that time. The plant incorporates two treatment trains, a north and south treatment train. However, 
the treatment processes for both are identical. The plant is rated for 44 MGD with a minimum treated water 
capacity that can be sustained of 5 MGD. On average, the plant produces 15 MGD. 

The plant utilizes the following principal treatment processes: 

 Coagulation 
o Sodium hypochlorite is added in the flash mixer for primary disinfection 

 Hydraulic flocculation 

 Sedimentation 
o Ammonia is added downsteam of sedimentation for chloramination. 

 Dual media gravity filtration 

The treatment process for both treatment trains is as shown in Figure 1. Lithium will be fed adjacent to the chlorine 
injection point as shown in Figure 1. The sampling points for the tracer study are also shown in Figure 1. 
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Figure 1. Semper WTF Process Schematic with Sampling Points 

 

Tracer Study Flow Rates 
A total of four tracer studies will be conducted.  The anticipated total volume to be tested (assuming all four 
sedimentation basins per train are online) is 1,667,871 gallons for the North Train and 1,690,327 gallons for the 
South Train. It is important to maintain a constant volume in the basins that are being measured throughout the 
duration of the test. Therefore the plant train under test will need to maintain a constant flowrate for the duration 
of the test. Per the recommendations of the American Water Works Association Research Foundation Tracer Studies 
in Water Treatment Facilities: A Protocol and Case Studies (1996), the duration of the test should be at least 3 to 4 
hypothetical detention times (HDT), in order to achieve a high recovery of the tracer chemical needed to generate 
an F‐curve in order to establish T10, or the effective contact time for a given portion of the treatment process.  The 
proposed flow rates, hypothetical detention time and anticipated test duration for each of the tests are summarized 
in Table 1. 
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TABLE 1 
PROPOSED TRACER STUDIES 

     

Description  Flow Rate, MGD 
Hypothetical Detention Time 

(Θ), hour 
Anticipated Test Duration, 

hours 

North Train, Average Day Flow 
Rate 

10  4.3  12.9 – 17.2 

North Train, 91% of Peak Hourly 
Flow Rate 

20  2.1  6.3 – 8.4 

South Train, Average Day Flow 
Rate 

10  4.3  12.9 – 17.2 

South Train, 91% of Peak Hourly 
Flow Rate 

20  2.2  6.6 – 8.8 

 

Tracer Chemical 
Lithium, in particular lithium chloride salt, is proposed as the tracer chemical of choice for this analysis. An MSDS 
sheet for lithium chloride is provided as Attachment 1. The proposed lithium dose was calculated based on the 
factors listed below and using Levenspiel’s method for estimating dispersion in a reactor to predict what the 
anticipated target peak concentration would actually be.  
 

 Background Lithium Concentration: 0.016 mg/L  

 Eurofins Eaton laboratory to provide analysis via ICP (EPA Method 200.7) with a method  reporting limit 
(MRL) for lithium of 0.001 mg/L and a method detection limit of 0.0005 mg/L 

 Dosing factor, based on average anticipated hydraulic efficiency: 1.0 

 Co, target peak concentration (based on 5 times background concentration): 0.08 mg/L 

 Lithium Chloride Solubility: 63.7 g/100 cm3 of cold water 

 Large dispersion for Levenspiel method, dispersion coefficient: 0.3  
 
Based on these assumptions, it is anticipated that approximately 13.1 pounds of lithium chloride salt (containing 
approximately 2.14 pounds of lithium) will be required for the first test.  It is anticipated that the first test will be the 
high‐flow test on the north train. After the first test is completed and the actual peak concentration of lithium 
observed is known as well as an initial T10/T (or baffling factor) result has been calculated, then further analysis will 
be conducted prior to the other tests to determine if the lithium chloride dose or sampling schedule needs to be 
adjusted. Specifically the test duration will be shortened if possible based on the results of the first test. 
 
The lithium chloride will be carefully weighed out so that 6.55 pounds of lithium chloride is added to each of two 
clean 5 gallon buckets that are pre‐filled with 3 gallons of water and mixed carefully so that the lithium chloride is 
dissolved prior to use in the tracer study. As the dissolution reaction for lithium chloride is exothermic, it is 
extremely important that the lithium chloride be added to the water‐filled buckets and not the other way around 
with the lithium chloride placed in the bucket with water poured over the top.  At the start of the tracer study test, 
the lithium chloride solution will be poured into the third chamber of the Rapid Mix box in less than 1 minute to 
ensure the pulse is delivered within 1% of the theoretical detention time (e.g. less than 1.9 minutes for the 20 MGD 
test) by City of Westminster Operations staff that are equipped with appropriate Personal Protective Equipment.  At 
the time the lithium chloride is added to the Rapid Mix chamber, the time will be noted and the sample collection 
phase will begin. 
 
In order to facilitate the collection of tracer study data, the City of Westminster will initially reduce the typical 
chlorine dose at the Rapid Mix box to change the chlorine concentration observed upstream of the sedimentation 
basins from a target of 2.3 mg/L to 1.7 mg/L. The sodium hypochlorite dose will be returned to normal at the time 
the lithium is introduced in the Rapid Mix box. Noting the rise in chlorine concentrations will help with predicting the 
lithium peak and confirming an adequate number of samples are collected to characterize the peak. In addition, the 
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City of Westminster may conduct a similar mock test adjusting the chlorine dose as anticipated during the tracer 
study, to confirm the anticipated hydraulic detention times and verify the anticipated sample schedule. 

Sample Collection  
The baffling factor (T10/T) is being calculated through the third chamber of the flash mix box, the piping and influent 
junction boxes that feed the sedimentation basins as well as the flocculation/sedimentation basins. Therefore, the 
lithium monitoring location is proposed at the Effluent Junction Box for each train. The free chlorine residual point 
for compliance monitoring is proposed to be modified by the City to the end of each sedimentation basin (prior to 
being combined at the Effluent Junction Box) as shown in Figure 1. However the logistics of conducting the tracer 
study and safely collecting samples make it impractical to sample at these locations. Moreover, sampling the 
combined flow at the Effluent Junction Box will capture differences in flow splits or hydraulic efficiency between 
individual Sedimentation Basins. The hypothetical detention times for each segment of the tracer study test at the 
two flow rates and for the two trains is presented in Table 2.   
 
TABLE 2 
SEMPER WTF HYPOTHETICAL DETENTION TIME CALCULATION 

Element  Assumptions  Volume (gallons) 
HDT, 10 
MGD 
Min) 

HDT, 20 
MGD 
(min) 

North Train         
N1: Flash Mix Box 
 (Third Chamber) 

Overall: 12’ x 12’ x 13’ 
Third Chamber: 3.96’ x 12’ x 13’                          4,621   0.7  0.3 

N2: Piping from Flash Mixer to 
Influent Junction Box 

36" (diameter) x 342' (length) + 42" (diameter) x 
4' (length) + 24” (diameter) x 300’ (length)                        25,420   3.7  1.8 

N3: Influent Junction Box  Overall dimensions: 9’ x 14.5’ x 7’                          6,833   1.0  0.5 

N4: Piping from Influent 
Junction Box to Sedimentation 
Basins 

42" (diameter) x 100' (total length, all pipes) 
                        7,197  1.0  0.5 

N5: Sedimentation Basins 
Four basins each with dimensions of 98’ x 37.33’ 
x 15.75’                  1,723,956   248.2  124.1 

N6: Piping from Sedimentation 
Basins to Effluent Junction Box 

30" (diameter) x 200' (total length, all pipes) 
                        7,343   1.1  0.5 

N7: Effluent Junction Box  Overall dimensions: 11.08’ x 8' x 12’                          7,956   1.1  0.6 

North Train Total    1,783,326  256.8  128.4 

South Train         
S1: Flash Mix Box (Third 
Chamber) 

Overall: 12’ x 12’ x 13’ 
Third Chamber: 3.96’ x 12’ x 13’                            4,621  0.7  0.3 

S2: Piping from Flash Mixer to 
Influent Junction Box 

42" (diameter) x 37' (length) + 48" (diameter) x 
406' (length)                     40,825  5.9  2.9 

S3: Influent Junction Box  Overall dimensions: 9’ x 14.5’ x 7’                             6,833   1.0  0.5 

S4: Piping from Influent 
Junction Box to Sedimentation 
Basins 

42" (diameter) x 100' (total length, all pipes) 
                           7,197   1.0  0.5 

S5: Sedimentation Basins 
Four basins each with dimensions of 98’ x 37.33’ 
x 15.75’  1,723,956  248.2  124.1 

S6: Piping from Sedimentation 
Basins to Effluent Junction Box 

30" (diameter) x 200' (total length, all pipes) 
                          7,343   1.1  0.5 

S7: Effluent Junction Box  Overall dimensions: 11.08’ x 8' x 12’                            7,956   1.1  0.6 

South Train Total    1,798,732  259.0  129.5 

Notes: 
1. See annotated drawings in Attachment 2 for definition regarding the determination of the volumes listed in this table. 

Prior to the start of each test, three background samples will be collected at the effluent junction box to establish a 
good lithium background concentration specific to that test day. It is anticipated that for each test, approximately 50 
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samples will be collected following the sample schedules provided in Tables 3 through 6 below, excluding the 
background samples and quality control samples. Note that in Tables 3 through 6, sample times are rounded to the 
nearest minute. For the tracer study, a small peristaltic pump will be set up in the Effluent Junction Box that will be 
continuously running with the discharge line directed back into the Effluent Junction Box. Grab samples will be 
collected in sample bottles provided by EuroFins laboratory. The sample bottles will be pre‐labeled prior to the test 
following the convention shown in Tables 3 through 6. Sample times will be recorded on a sample log and noted on 
the bottles. In addition, for quality control purposes, at least one duplicate sample will be collected for each tracer 
study test.  The duplicate sample will be collected approximately to coincide with the maximum rise in the chlorine 
residual when it is detected at the sedimentation basin effluent. The duplicate samples will have the word 
“duplicate” written as part of the label.   A sample data collection spreadsheet will be used during the tests to record 
actual sample times, flow rates and the train under test. The sample collection times in the spreadsheet will be 
based on the schedules shown in Tables 3 through 6. 
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TABLE 3 

NORTH TRAIN 10 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 1: (0 ‐ 
0.25T) 

0  64  6  0.05T (13 min) 

N‐LF‐1  0 

N‐LF‐2  13 

N‐LF‐3  26 

N‐LF‐4  39 

N‐LF‐5  52 

N‐LF‐6  65 

Period 2: 
(0.25T ‐ 0.5T) 

  

64 
  

128 
  

11 
  

0.025T (6 min) 
  

N‐LF‐7  71 

N‐LF‐8  77 

N‐LF‐9  83 

N‐LF‐10  89 

N‐LF‐11  95 

N‐LF‐12  101 

N‐LF‐13  107 

N‐LF‐14  113 

N‐LF‐15  119 

N‐LF‐16  125 

N‐LF‐17  131 

Period 3: 
(0.5T ‐ 1T) 

  

128 
  

256 
  

10 
  

0.05T (13 min) 
  

N‐LF‐18  144 

N‐LF‐19  157 

N‐LF‐20  170 

N‐LF‐21  183 

N‐LF‐22  196 

N‐LF‐23  209 

N‐LF‐24  222 

N‐LF‐25  235 

N‐LF‐26  248 

N‐LF‐27  261 

Period 4: (1T ‐ 
2T) 
  

256 
  

512 
  

10 
  

0.1T (26 min) 
  

N‐LF‐28  287 

N‐LF‐29  313 

N‐LF‐30  339 

N‐LF‐31  365 

N‐LF‐32  391 

N‐LF‐33  417 

N‐LF‐34  443 

N‐LF‐35  469 

N‐LF‐36  495 

N‐LF‐37  521 
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TABLE 3 

NORTH TRAIN 10 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 5: (2T ‐ 
3.5T) 

512  896  7  0.2T (51 min) 

N‐LF‐38  572 

N‐LF‐39  623 

N‐LF‐40  674 

N‐LF‐41  725 

N‐LF‐42  776 

N‐LF‐43  827 

N‐LF‐44  878 

Period 6: 
(3.5T – 5T) 

  

896 

  
1281 

  
6 

  
0.3T (77 min) 

  

N‐LF‐45  955 

N‐LF‐46  1032 

N‐LF‐47  1109 

N‐LF‐48  1186 

N‐LF‐49  1263 

N‐LF‐50  1340 
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TABLE 4 

NORTH TRAIN 20 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 1: (0 ‐ 
0.25T) 

  

0 

  
32 

  
6 

  
0.05T (6 min) 

  

N‐HF‐1  0 

N‐HF‐2  6 

N‐HF‐3  12 

N‐HF‐4  18 

N‐HF‐5  24 

N‐HF‐6  30 

Period 2: (0.25T 
‐ 0.5T) 

  

32 
  

64 
  

12 
  

0.025T (3 min) 
  

N‐HF‐7  33 

N‐HF‐8  36 

N‐HF‐9  39 

N‐HF‐10  42 

N‐HF‐11  45 

N‐HF‐12  48 

N‐HF‐13  51 

N‐HF‐14  54 

N‐HF‐15  57 

N‐HF‐16  60 

N‐HF‐17  63 

N‐HF‐18  66 

Period 3: (0.5T ‐ 
1T) 
  
  
  

64 
  
  
  

128 
  
  
  

10 
  
  
  

0.05T (6 min) 
  
  

N‐HF‐19  72 

N‐HF‐20  78 

N‐HF‐21  84 

N‐HF‐22  90 

N‐HF‐23  96 

N‐HF‐24  102 

N‐HF‐25  108 

N‐HF‐26  114 

N‐HF‐27  120 

N‐HF‐28  126 

Period 4: (1T ‐ 
2T) 
  

128 
  

256 
  

10 
  

0.1T (13 min) 
  

N‐HF‐29  139 

N‐HF‐30  152 

N‐HF‐31  165 

N‐HF‐32  178 

N‐HF‐33  191 

N‐HF‐34  204 

N‐HF‐35  217 

N‐HF‐36  230 

N‐HF‐37  243 

N‐HF‐38  256 



 CITY OF WESTMINSTER 
TRACER STUDY PROTOCOL 

 
 

9 

TABLE 4 

NORTH TRAIN 20 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 5: (2T ‐ 
3.5T) 
  

256 
  

448 
  

7 
  

0.2T (26 min) 
  

N‐HF‐39  282 

N‐HF‐40  308 

N‐HF‐41  334 

N‐HF‐42  360 

N‐HF‐43  386 

N‐HF‐44  412 

N‐HF‐45  438 

Period 6: (3.5T – 
5T) 

  

448 

  
640 

  
6 

  
0.3T (39 min) 

  

N‐HF‐46  477 

N‐HF‐47  516 

N‐HF‐48  555 

N‐HF‐49  594 

N‐HF‐50  633 

N‐HF‐51  672 
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TABLE 5 

SOUTH TRAIN 10 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 1: (0 ‐ 
0.25T) 

  

0 

  
65 

  
6 

  
0.05T (13 min) 

  

S‐LF‐1  0 

S‐LF‐2  13 

S‐LF‐3  26 

S‐LF‐4  39 

S‐LF‐5  52 

S‐LF‐6  65 

Period 2: (0.25T 
‐ 0.5T) 

  

65 
  

129 
  

11 
  

0.025T (6 min) 
  

S‐LF‐7  71 

S‐LF‐8  77 

S‐LF‐9  83 

S‐LF‐10  89 

S‐LF‐11  95 

S‐LF‐12  101 

S‐LF‐13  107 

S‐LF‐14  113 

S‐LF‐15  119 

S‐LF‐16  125 

S‐LF‐17  131 

Period 3: (0.5T ‐ 
1T) 

  

129 

  
258 

  
10 

  
0.05T (13 min) 

  

S‐LF‐18  144 

S‐LF‐19  157 

S‐LF‐20  170 

S‐LF‐21  183 

S‐LF‐22  196 

S‐LF‐23  209 

S‐LF‐24  222 

S‐LF‐25  235 

S‐LF‐26  248 

S‐LF‐27  261 

Period 4: (1T ‐ 
2T) 
  

258 
  

517 
  

10 
  

0.1T (26 min) 
  

S‐LF‐28  287 

S‐LF‐29  313 

S‐LF‐30  339 

S‐LF‐31  365 

S‐LF‐32  391 

S‐LF‐33  417 

S‐LF‐34  443 

S‐LF‐35  469 

S‐LF‐36  495 

S‐LF‐37  521 
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TABLE 5 

SOUTH TRAIN 10 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 5: (2T ‐ 
3.5T) 

517  904  7  0.2T (52 min) 

S‐LF‐38  573 

S‐LF‐39  625 

S‐LF‐40  677 

S‐LF‐41  729 

S‐LF‐42  781 

S‐LF‐43  833 

S‐LF‐44  885 

Period 6: (3.5T – 
5T) 

  

904 

  
1292 

  
6 

  
0.25T (78 min) 

  

S‐LF‐45  963 

S‐LF‐46  1041 

S‐LF‐47  1119 

S‐LF‐48  1197 

S‐LF‐49  1275 

S‐LF‐50  1353 
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TABLE 6 

SOUTH TRAIN 20 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 1: (0 ‐ 0.25T) 

  
0  32  6  0.05T (6 min) 

S‐HF‐1  0 

S‐HF‐2  6 

S‐HF‐3  12 

S‐HF‐4  18 

S‐HF‐5  24 

S‐HF‐6  30 

Period 2: (0.25T ‐ 0.5T) 
  

32  65  12  0.035T (3 min) 

S‐HF‐7  33 

S‐HF‐8  36 

S‐HF‐9  39 

S‐HF‐10  42 

S‐HF‐11  45 

S‐HF‐12  48 

S‐HF‐13  51 

S‐HF‐14  54 

S‐HF‐15  57 

S‐HF‐16  60 

S‐HF‐17  63 

S‐HF‐18  66 

Period 3: (0.5T ‐ 1T) 
  

65  129  11  0.05T (6 min) 

S‐HF‐19  72 

S‐HF‐20  78 

S‐HF‐21  84 

S‐HF‐22  90 

S‐HF‐23  96 

S‐HF‐24  102 

S‐HF‐25  108 

S‐HF‐26  114 

S‐HF‐27  120 

S‐HF‐28  126 

S‐HF‐29  132 

Period 4: (1T ‐ 2T) 
  

129 
  

258 
  

10 
  

0.1T (13 min) 
  

S‐HF‐30  145 

S‐HF‐31  158 

S‐HF‐32  171 

S‐HF‐33  184 

S‐HF‐34  197 

S‐HF‐35  210 

S‐HF‐36  223 

S‐HF‐37  236 

S‐HF‐38  249 

S‐HF‐39  262 
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TABLE 6 

SOUTH TRAIN 20 MGD TRACER STUDY SAMPLE SCHEDULE   

Time Period 
Start Time 

(min) 
End Time 
(min) 

Number of 
Samples Collected 

Sample Collection 
Frequency 

Sample Collection Schedule 

Sample ID  Sample Time (min) 

Period 5: (2T ‐ 3.5T) 
  

258  452  8  0.2T (26 min) 

S‐HF‐40  288 

S‐HF‐41  314 

S‐HF‐42  340 

S‐HF‐43  366 

S‐HF‐44  392 

S‐HF‐45  418 

S‐HF‐46  444 

S‐HF‐47  470 

Period 5: (3T – 5T) 

  
452 

  
646 

  
5 

  
0.3T (39 min) 

  

S‐HF‐48  509 

S‐HF‐49  548 

S‐HF‐50  587 

S‐HF‐51  626 

S‐HF‐52  665 

 
Data Analysis 
At the conclusion of each test, the SCADA data for chlorine residual at the effluent of the sedimentation basins will 
be downloaded. Once the lab analysis is complete, the lithium concentration data will be plotted versus time and 
the concentration data will then be used to develop a fractional recovery curve (F‐curve) in order to determine the 
T10. T10 will be calculated from the dose fed at the Rapid Mix Box, not the recovered total. The recovered total will be 
used to confirm that good results were received for the test.  The background lithium concentrations will be 
averaged for the day to establish the baseline concentration. This background concentration will be subtracted from 
the measured concentration. If the measured concentration was less than the averaged background concentration, 
this value will be reported as zero. We will review the data set for any concentration results that appear to be 
outliers, data deemed to be an outlier will be removed from the data set for the purpose of generation of the C‐
curve and subsequently the F‐curve.  The F‐curve will be used to linearly interpolate between the sample where less 
than 10% was recovered and the sample where more than 10% was recovered. That will give us our T10 for that test. 
The T10 will be divided by the T (HDT) for that test and round that result down to two decimal places.  That will be 
the baffle factor for that test.  
 
With the T10 value determined, the baffling factor associated with the portion of the plant from the Rapid Mix Box 
through the flocculation/sedimentation basins will be calculated. Since the effluent pipe and effluent junction boxes 
represent less than 0.44% of the overall volume (from the Rapid Mix Box to Effluent Junction Box) and these 
volumes are considered small plug‐flow and completely‐mixed reactors, respectively, it is proposed to reduce the 
calculated overall baffle factor by 0.44%. The results of the four tests will be summarized in a report for the City of 
Westminster summarizing the test conditions, date and time of test, and tracer chemical dose that was fed. Test 
data gathered will be presented in tabular and graphical format. The baffling factors calculated for the North and 
South trains will be presented. It is anticipated that the City of Westminster will use these baffling factors for the 
further development and refinement of the on‐line CT that is integrated into Semper WTF’s SCADA system and 
future coordination with CDPHE’s record of approved water works for the Semper WTF. 
 



CITY OF WESTMINSTER 
TRACER STUDY PROTOCOL 
 

14 

At the conclusion of the four tests, there will be a high‐flow and a low‐flow baffle factor for each set of basins. Based 
on the review of these results, a proposed approach will be recommended for CDPHE approval for estimating the 
baffle factors at other flow rates. The two most likely outcomes are: 

1. If the trend is the same for both sets of basins (e.g., the high‐flow baffle factor is lower than the low‐
flow baffle factor in both sets of basins), we’ll linearly interpolate between the baffle factors based on 
flow. We may or may not do a different interpolation between for each set of basins; it’ll depend on 
whether it looks like the basins are the same or different within the precision of the tests.  

2. If the baffle factor is similar for both flows within a set of basins, we’ll use a nominal baffle factor at all 
flows. We may or may not use a different baffle factor for each set of basins; it’ll depend on whether it 
looks like the basins are the same or different within the precision of the tests. 

 
The Levenspiel dispersion model for open vessels with large amounts of dispersion was utilized to estimate what the 
C‐curve (concentration versus time) and F‐curve (recovery versus time) might look like for the Semper WTF tracer 
study.  
 

	
1

2
 

 

In the equation above, the dispersion factor is defined by   . For these initial calculations, we have assumed   = 

0.3, correlating to a large amount of dispersion. Based on the use of this model and also assuming a laboratory 
instrument precision of 0.0005 mg/L as provided by EuroFins as well as a 5% relative error related to the sampling 
and analysis, synthetic concentration (C) and fractional (F) recovery curves for the 20 MGD test could look like those 
presented in Figure 2. This modeling predicts six HDTs in order to achieve 99.2% recovery of the lithium. A high 
recovery is necessary in order to accurately identify T10, hence the sampling schedules shown in Tables 3 through 6. 
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Figure 2. Synthetic C-Curve and F-Curve for a Potential 20 MGD Tracer Test on the North Train for Semper WTF 
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Material Safety Data Sheet
Lithium chloride MSDS

Section 1: Chemical Product and Company Identification

Product Name: Lithium chloride

Catalog Codes: SLL1366

CAS#: 7447-41-8

RTECS: OJ5950000

TSCA: TSCA 8(b) inventory: Lithium chloride

CI#: Not available.

Synonym:  

Chemical Name: Lithium Chloride

Chemical Formula: LiCl

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Lithium chloride 7447-41-8 100

Toxicological Data on Ingredients: Lithium chloride: ORAL (LD50): Acute: 526 mg/kg [Rat]. 1165 mg/kg [Mouse]. DERMAL
(LD50): Acute: &gt;2000 mg/kg [Rabbit]. DUST (LC50): Acute: 5.57 mg/l 4 hours [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects: Hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation.

Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for
bacteria and/or yeast. TERATOGENIC EFFECTS: Classified POSSIBLE for human. DEVELOPMENTAL TOXICITY: Classified
Reproductive system/toxin/female, Reproductive system/toxin/male [POSSIBLE]. Repeated or prolonged exposure is not
known to aggravate medical condition.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention.

http://www.sciencelab.com/
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Skin Contact:
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminated
clothing and shoes. Cold water may be used.Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical
attention.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention if symptoms appear.

Serious Inhalation: Not available.

Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Not applicable.

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.

Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage

Precautions:
Keep locked up.. Do not ingest. Do not breathe dust. Wear suitable protective clothing. In case of insufficient ventilation,
wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the container or the label. Avoid
contact with skin and eyes. Keep away from incompatibles such as acids.
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Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not store above 24°C (75.2°F).

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.

Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties

Physical state and appearance:
Solid. (crystalline powder. Granular solid. Deliquescent solid.)

Odor: Odorless.

Taste: Saline. (Strong.)

Molecular Weight: 42.4 g/mole

Color: White.

pH (1% soln/water): Not available.

Boiling Point: 1360°C (2480°F)

Melting Point: 613°C (1135.4°F)

Critical Temperature: Not available.

Specific Gravity: 2.07 (Water = 1)

Vapor Pressure: Not applicable.

Vapor Density: Not available.

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water, methanol, diethyl ether, n-octanol, acetone.

Solubility:
Easily soluble in cold water, hot water, methanol, diethyl ether, n-octanol. Soluble in acetone Very soluble in pyridine, ethanol,
and nitrobenzene. Very slightly soluble in ammonium hydroxide. .

Section 10: Stability and Reactivity Data

Stability: The product is stable.
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Instability Temperature: Not available.

Conditions of Instability: Incompatible materials, moisture.

Incompatibility with various substances:
Reactive with acids. Slightly reactive to reactive with moisture.

Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity:
Deliquescent. Tendency to form hydrates. Incompatible with bromine trifluoride, and strong acids

Special Remarks on Corrosivity: Not available.

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Inhalation. Ingestion.

Toxicity to Animals:
WARNING: THE LC50 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE. Acute oral
toxicity (LD50): 526 mg/kg [Rat]. Acute dermal toxicity (LD50): >2000 mg/kg [Rabbit]. Acute toxicity of the dust (LC50): 5.57
mg/l 4 hours [Rat].

Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast. TERATOGENIC
EFFECTS: Classified POSSIBLE for human. DEVELOPMENTAL TOXICITY: Classified Reproductive system/toxin/female,
Reproductive system/toxin/male [POSSIBLE].

Other Toxic Effects on Humans: Hazardous in case of skin contact (irritant), of ingestion, of inhalation.

Special Remarks on Toxicity to Animals:
Lowest Published Lethal Dose: LDL - Route: Oral; Dose: 200 mg/kg/3D

Special Remarks on Chronic Effects on Humans:
May affect genetic material (mutagenic). May cause adverse reproductive effects (male and female fertility, other paternal
effects, fetotoxiity) and birth defects. May cause cancer based on animal data. No data for humans has been found at this
time. Human: passes through the placenta, excreted in maternal milk.

Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Causes skin irritation. Eyes: Causes eye irritation. Inhalation: May cause respiratory
tract irritation. Ingestion: May be harmful if swallowed. May cause gastrointestinal tract irritation with nausea, vomiting,
and diarrhea. It is an antidepressant/antipsychotic and may affect behavior/Central Nervous System (drowsiness, mental
confusion, somnolence, muscle weakness, contraction, spasticity, tremors) it ingested in high doses. It may also affect the
brain (degenerative changes), metabolism (anorexia)), vision (blurred vision), blood, urinary system, cardiovascular system,
and liver. Chronic Potential Health Effects: Chronic ingestion may affect behavior/central nervous system and cardiovascular
system, and have similar affects to acute ingestion.

Section 12: Ecological Information

Ecotoxicity: Ecotoxicity in water (LC50): 158 ppm 96 hours [Trout]. 249 ppm 48 hours [Daphnia].

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.

Special Remarks on the Products of Biodegradation: Not available.
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Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Not a DOT controlled material (United States).

Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information

Federal and State Regulations: TSCA 8(b) inventory: Lithium chloride

Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada): CLASS D-2A: Material causing other toxic effects (VERY TOXIC).

DSCL (EEC):
R22- Harmful if swallowed. R36/38- Irritating to eyes and skin. R40- Possible risks of irreversible effects. R62- Possible risk of
impaired fertility. R63- Possible risk of harm to the unborn child. S2- Keep out of the reach of children. S36/37- Wear suitable
protective clothing and gloves. S46- If swallowed, seek medical advice immediately and show this container or label.

HMIS (U.S.A.):

Health Hazard: 2

Fire Hazard: 0

Reactivity: 0

Personal Protection: E

National Fire Protection Association (U.S.A.):

Health: 2

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/10/2005 08:21 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
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no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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Table B‐1.1. Lithium Chloride Bottle Measurements 

Bottle #  Full Bottle Mass (g)  Empty Bottle Mass (g)  Lithium Chloride Mass (g) 

1  580.49  77.62  502.87 

2  576.47  77.32  499.15 

3  579.01  75.87  503.14 

4  576.64  77.60  499.04 

5  582.91  75.65  507.26 

6  579.50  77.52  501.98 

7  575.58  76.55  499.03 

8  579.49  77.49  502.00 

9  582.38  77.29  505.09 

10  577.89  77.07  500.82 

11  582.96  76.93  506.03 

12  582.21  77.07  505.14 

13  582.18  78.01  504.17 

14  578.81  78.68  500.13 

15  580.61  77.82  502.79 

16  580.39  77.89  502.50 

17  578.34  78.42  499.92 

18  585.75  78.22  507.53 

Average  580.09  77.39  502.70 

Total Weights (g)  10441.61  1393.02  9048.59 

 

Table B‐1.2. Background Lithium Concentration 

Sample ID  Sample Result (mg/L) 

N‐HF‐BKG1  0.016 

N‐HF‐BKG2  0.015 

N‐HF‐BKG3  0.015 

Average  0.015 
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Table B‐3. North Train, High Flow Tracer Test: Concentration and Recovery Results 

Sample No. 
Time (t) 
(min) 

t/HRT 
Lab Result 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

N‐HF‐1  0  0.0000  0.016  0.001  0.000  0.000 

N‐HF‐2  6  0.0469  0.016  0.001  0.211  0.211 

N‐HF‐3  12  0.0938  0.016  0.001  0.211  0.421 

N‐HF‐4  18  0.1407  0.016  0.001  0.211  0.632 

N‐HF‐5  24  0.1876  0.018  0.003  0.526  1.158 

N‐HF‐6  30  0.2345  0.048  0.033  5.579  6.737 

N‐HF‐7  36  0.2814  0.16  0.145  28.001  34.738 

N‐HF‐8  39  0.3048  0.26  0.245  30.738  65.476 

N‐HF‐9  42  0.3282  0.3  0.285  47.318  112.794 

N‐HF‐10  45  0.3517  0.48  0.465  64.687  177.481 

N‐HF‐11  48  0.3751  0.51  0.495  75.740  253.221 

N‐HF‐12  51  0.3986  0.54  0.525  80.477  333.698 

N‐HF‐13  54  0.4220  0.52  0.505  81.266  414.964 

N‐HF‐14  57  0.4455  0.49  0.475  77.319  492.283 

N‐HF‐15  60  0.4689  0.45  0.435  71.792  564.075 

N‐HF‐16  63  0.4924  0.40  0.385  64.687  628.762 

N‐HF‐17  66  0.5158  0.35  0.335  56.792  685.554 

N‐HF‐18  69  0.5393  0.30  0.285  48.897  734.450 

N‐HF‐19  72  0.5627  0.28  0.265  43.370  777.820 

N‐HF‐20  78  0.6096  0.21  0.195  72.529  850.350 

N‐HF‐21  84  0.6565  0.16  0.145  53.581  903.931 

N‐HF‐22  90  0.7034  0.13  0.115  40.949  944.880 

N‐HF‐23*  96  0.7503  0.11  0.095  33.054  977.934 

N‐HF‐24  102  0.7972  0.10  0.085  28.317  1006.251 

N‐HF‐25  108  0.8441  0.098  0.083  26.422  1032.673 

N‐HF‐26  114  0.8910  0.096  0.081  25.791  1058.463 

N‐HF‐27  120  0.9379  0.098  0.083  25.791  1084.254 

N‐HF‐28  126  0.9847  0.094  0.079  25.475  1109.728 

N‐HF‐29  132  1.0316  0.091  0.076  24.369  1134.098 

N‐HF‐30  145  1.1332  0.081  0.066  48.353  1182.451 

N‐HF‐31*  158  1.2348  0.079  0.064  44.247  1226.698 

N‐HF‐32  171  1.3364  0.068  0.053  39.800  1266.498 
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Table B‐3. North Train, High Flow Tracer Test: Concentration and Recovery Results 

Sample No. 
Time (t) 
(min) 

t/HRT 
Lab Result 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

N‐HF‐33  184  1.4380  0.061  0.046  33.642  1300.140 

N‐HF‐34  197  1.5396  0.057  0.042  29.878  1330.018 

N‐HF‐35  210  1.6412  0.054  0.039  27.484  1357.501 

N‐HF‐36  224  1.7507  0.050  0.035  27.019  1384.520 

N‐HF‐37*  236  1.8445  0.045  0.030  20.317  1404.837 

N‐HF‐38  249  1.9461  0.040  0.025  18.588  1423.425 

N‐HF‐39  262  2.0477  0.035  0.020  15.167  1438.592 

N‐HF‐40  288  2.2509  0.029  0.014  22.808  1461.400 

N‐HF‐41  314  2.4541  0.024  0.009  15.281  1476.682 

N‐HF‐42  340  2.6573  0.021  0.006  9.807  1486.489 

N‐HF‐43  366  2.8605  0.020  0.005  7.070  1493.560 

N‐HF‐44  392  3.0637  0.019  0.004  5.702  1499.262 

N‐HF‐45  418  3.2669  0.018  0.003  4.334  1503.595 

N‐HF‐46  457  3.5717  0.017  0.002  4.448  1508.043 

N‐HF‐47  496  3.8765  0.016  0.001  2.395  1510.437 

N‐HF‐48  535  4.1813  0.016  0.001  1.368  1511.806 

N‐HF‐49  574  4.4861  0.016  0.001  1.368  1513.174 

N‐HF‐50  613  4.7909  0.016  0.001  1.368  1514.543 

N‐HF‐51  652  5.0957  0.016  0.001  1.368  1515.911 

*A field duplicate was collected for this sample. 
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STATE CERTIFICATION LIST 
 

* NELAP/TNI Recognized Accreditation Bodies  

State Certification Number State Certification Number 

Alabama 41060 Mississippi Certified 

Alaska CA00006 Montana Cert 0035 

Arizona AZ0778 Nebraska Certified 

Arkansas Certified Nevada CA00006-2015 

California-Monrovia- 
ELAP 

2813 New Hampshire * 2959 

California-Colton- ELAP 2812 New Jersey * CA 008 

California-Folsom- ELAP 2820 New Mexico Certified 

California-Fresno- ELAP 2966 New York * 11320 

Colorado Certified North Carolina 06701 

Connecticut PH-0107 North Dakota R-009 

Delaware CA 006 Oregon (Primary AB) *  ORELAP 4034 

Florida * E871024 Pennsylvania * 68-565 

Georgia 947 Rhode Island LAO00326 

Guam 15-003r South Carolina 87016 

Hawaii Certified South Dakota Certified 

Idaho Certified Tennessee TN02839 

Illinois * 200033 Texas * T104704230-14-7 

Indiana C-CA-01 Utah * CA000062015-8 

Kansas * E-10268 Vermont VT0114 

Kentucky 90107 Virginia * 460260 

Louisiana * LA150018 Washington C838 

Maine CA0006 West Virginia 9943 C 

Maryland 224 Wisconsin 998316660 

Commonwealth of 
Northern Marianas Is. 

MP0004 Wyoming 8TMS-L 

Massachusetts  M-CA006 EPA Region 5 Certified 

Michigan 9906 
Los Angeles County  
Sanitation Districts 

10264 
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ISO 17025 Accredited Method List

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED
Drinking 

Water

Food & 

Beverage

Waste 

Water

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED
Drinking 

Water

Food & 

Beverage

Waste 

Water

1,4-Dioxane EPA 522 x x Hormones EPA 539 x x

2,3,7,8-TCDD Modified EPA 1613B x x Hydroxide as OH Calc. SM 2330B x x

Acrylamide In House Method x x Kjeldahl Nitrogen EPA 351.2 x

Alkalinity SM 2320B x x x Mercury EPA 245.1 x x x

Ammonia EPA 350.1 x x Metals EPA 200.7 / 200.8 x x x

Ammonia SM 4500-NH3 H (18th) x x Microcystin LR ELISA x x

Anions and DBPs by IC EPA 300.0 x x x NDMA EPA 521 x x

Anions and DBPs by IC EPA 300.1 x x Nitrate/Nitrite Nitrogen EPA 353.2 x x x

Asbestos EPA 100.2 x OCL, Pesticides/PCB EPA 505 x x

Bicarbonate Alkalinity as 

HCO3
SM 2330B x x x Ortho Phosphate EPA 365.1 x x

BOD / CBOD SM 5210B x x
Ortho Phosphate and Total 

Phosphorous
EPA 365.1/SM 4500-P E x

Bromate In House Method x x Ortho Phosphorous SM 4500P E x x

Carbamates EPA 531.2 x x
Oxyhalides Disinfection 

Byproducts
EPA 317.0 x x

Carbonate as CO3 SM 2330B x x x Perchlorate EPA 331.0 x x

Carbonyls EPA 556 x x Perchlorate EPA 314.0 x x

COD EPA 410.4 / SM 5220D x Perfluorinated Alkyl Acids EPA 537 x x

Chloramines SM 4500-CL G x x x pH EPA 150.1 x

Chlorinated Acids EPA 515.4 x x pH SM 4500-H+B x x x

Chlorinated Acids EPA 555 x x
Phenylurea Pesticides/ 

Herbicides
In House Method x x

Chlorine Dioxide SM 4500-CLO2 D x x Pseudomonas IDEXX Pseudalert x x

Chlorine -Total/Free/ 

Combined Residual
SM 4500-Cl G x x x Radium-226 RA-226 GA x x

Conductivity EPA 120.1 x Radium-228 RA-228 GA x x

Conductivity SM 2510B x x x Radon-222 SM 7500RN x x

Corrosivity (Langelier Index) SM 2330B x x Residue, Filterable SM 2540C x x x

Cyanide, Amenable SM 4500-CN G x x Residue, Non-filterable SM 2540D x

Cyanide, Free SM 4500CN F x x x Residue, Total SM 2540B x x

Cyanide, Total EPA 335.4 x x x Residue, Volatile EPA 160.4 x

Cyanogen Chloride 

(screen)
In House Method x x Semi-VOC EPA 525.2 x x

Diquat and Paraquat EPA 549.2 x x Semi-VOC EPA 625 x x x

DBP/HAA SM 6251B x x Silica SM 4500-Si D x x x

Dissolved Oxygen SM 4500-O G x x Silica SM 4500-SiO2 C x x

E. Coli (MTF/EC+MUG) x Sulfide SM 4500-S
=
 D x

E. Coli CFR 141.21(f)(6)(i) x x Sulfite SM 4500-SO
3
B x x x

E. Coli SM 9223 x Surfactants SM 5540C x x x

E. Coli (Enumeration) SM 9221B.1/ SM 9221F x x Taste and Odor Analytes SM 6040E x x

E. Coli (Enumeration) SM 9223B x x Total Coliform SM 9221 A, B x x

EDB/DCBP EPA 504.1 x
Total Coliform 

(Enumeration)
SM 9221 A, B, C x x

EDB/DBCP and DBP EPA 551.1 x x Total Coliform / E. coli Colisure x x

EDTA and NTA In House Method x x Total Coliform SM 9221B x

Endothall EPA 548.1 x x
Total Coliform with 

Chlorine Present
SM 9221B x

Enterococci SM 9230B x x Total Coliform / E.coli SM 9223 x x

Fecal Coliform SM 9221 E (MTF/EC) x TOC SM 5310C x x

Fecal Coliform SM 9221C, E (MTF/EC) x TOC/DOC SM 5310C x x

Fecal Coliform 

(Enumeration)
SM 9221E (MTF/EC) x x TOX SM 5320B x

Fecal Coliform with 

Chlorine Present
SM 9221E x Total Phenols EPA 420.1 x

Fecal Streptococci SM 9230B x x Total Phenols EPA 420.4 x x x

Fluoride SM 4500-F C x x x Total Phosphorous SM 4500 P F x

Glyphosate EPA 547 x x Turbidity EPA 180.1 x x x

Gross Alpha/Beta EPA 900.0 x x x Turbidity SM 2130B x x

HAAs/ Dalapon EPA 552.3 x x Uranium by ICP/MS EPA 200.8 x x

Hardness SM 2340B x x x UV 254 SM 5910B x

Heterotrophic Bacteria In House Method x x VOC EPA 524.2/EPA 524.3 x x

Heterotrophic Bacteria SM 9215 B x x VOC EPA 624 x x x

Hexavalent Chromium EPA 218.6 x x x VOC EPA SW 846 8260 x x

Hexavalent Chromium EPA 218.7 x x VOC In House Method x x

Hexavalent Chromium SM 3500-Cr B or C (20th) x Yeast and Mold SM 9610 x x

Version 002. Issued: 06/03/2014

The tests listed below are accredited and meet the requirements of ISO 17025 as verified by the ANSI-ASQ National Accreditation Board/ACLASS. 

Refer to Certificate and scope of accreditation (AT 1807) found at: http://www.eatonanalytical.com

750 Royal Oaks Dr., Ste 100, Monrovia, CA 91016 Tel (626) 386-1100 Fax (626) 386-1101 http://www.EatonAnalytical.com

Page 3 of 31 pages



Acknowledgement of Samples Received

WESTMINSTER-CO

545000

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on July 24, 2015 at 1346.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201507240211 07/22/2015 0715N-HF-BKG1

@ICP_SHORT_LIST

201507240212 07/22/2015 0715N-HF-BKG2

@ICP_SHORT_LIST

201507240213 07/22/2015 0715N-HF-BKG3

@ICP_SHORT_LIST

201507240214 07/22/2015 0800N-HF-1

@ICP_SHORT_LIST

201507240215 07/22/2015 0806N-HF-2

@ICP_SHORT_LIST

201507240216 07/22/2015 0812N-HF-3

@ICP_SHORT_LIST

201507240217 07/22/2015 0818N-HF-4

@ICP_SHORT_LIST

201507240218 07/22/2015 0824N-HF-5

@ICP_SHORT_LIST

201507240219 07/22/2015 0830N-HF-6

@ICP_SHORT_LIST

201507240220 07/22/2015 0836N-HF-7

@ICP_SHORT_LIST

201507240221 07/22/2015 0839N-HF-8

@ICP_SHORT_LIST

201507240222 07/22/2015 0842N-HF-9

@ICP_SHORT_LIST

201507240223 07/22/2015 0845N-HF-10

@ICP_SHORT_LIST

Reported:  08/03/2015 Page 1 of 5

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

545000

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on July 24, 2015 at 1346.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201507240224 07/22/2015 0848N-HF-11

@ICP_SHORT_LIST

201507240225 07/22/2015 0851N-HF-12

@ICP_SHORT_LIST

201507240226 07/22/2015 0854N-HF-13

@ICP_SHORT_LIST

201507240227 07/22/2015 0857N-HF-14

@ICP_SHORT_LIST

201507240228 07/22/2015 0900N-HF-15

@ICP_SHORT_LIST

201507240229 07/22/2015 0903N-HF-16

@ICP_SHORT_LIST

201507240230 07/22/2015 0906N-HF-17

@ICP_SHORT_LIST

201507240231 07/22/2015 0909N-HF-18

@ICP_SHORT_LIST

201507240232 07/22/2015 0912N-HF-19

@ICP_SHORT_LIST

201507240233 07/22/2015 0918N-HF-20

@ICP_SHORT_LIST

201507240234 07/22/2015 0924N-HF-21

@ICP_SHORT_LIST

201507240235 07/22/2015 0930N-HF-22

@ICP_SHORT_LIST

201507240236 07/22/2015 0936N-HF-23

@ICP_SHORT_LIST

Reported:  08/03/2015 Page 2 of 5

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

545000

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on July 24, 2015 at 1346.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201507240237 07/22/2015 0942N-HF-24

@ICP_SHORT_LIST

201507240238 07/22/2015 0948N-HF-25

@ICP_SHORT_LIST

201507240239 07/22/2015 0954N-HF-26

@ICP_SHORT_LIST

201507240240 07/22/2015 1000N-HF-27

@ICP_SHORT_LIST

201507240241 07/22/2015 1006N-HF-28

@ICP_SHORT_LIST

201507240242 07/22/2015 1012N-HF-29

@ICP_SHORT_LIST

201507240243 07/22/2015 1025N-HF-30

@ICP_SHORT_LIST

201507240244 07/22/2015 1038N-HF-31

@ICP_SHORT_LIST

201507240245 07/22/2015 1051N-HF-32

@ICP_SHORT_LIST

201507240246 07/22/2015 1313N-HF-33

@ICP_SHORT_LIST

201507240247 07/22/2015 1117N-HF-34

@ICP_SHORT_LIST

201507240248 07/22/2015 1130N-HF-35

@ICP_SHORT_LIST

201507240249 07/22/2015 1144N-HF-36

@ICP_SHORT_LIST

Reported:  08/03/2015 Page 3 of 5

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

545000

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on July 24, 2015 at 1346.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201507240250 07/22/2015 1156N-HF-37

@ICP_SHORT_LIST

201507240251 07/22/2015 1209N-HF-38

@ICP_SHORT_LIST

201507240252 07/22/2015 1222N-HF-39

@ICP_SHORT_LIST

201507240253 07/22/2015 1248N-HF-40

@ICP_SHORT_LIST

201507240254 07/22/2015 1314N-HF-41

@ICP_SHORT_LIST

201507240255 07/22/2015 1340N-HF-42

@ICP_SHORT_LIST

201507240256 07/22/2015 1406N-HF-43

@ICP_SHORT_LIST

201507240257 07/22/2015 1432N-HF-44

@ICP_SHORT_LIST

201507240258 07/22/2015 1458N-HF-45

@ICP_SHORT_LIST

201507240259 07/22/2015 1537N-HF-46

@ICP_SHORT_LIST

201507240260 07/22/2015 1616N-HF-47

@ICP_SHORT_LIST

201507240261 07/22/2015 1655N-HF-48

@ICP_SHORT_LIST

201507240262 07/22/2015 1734N-HF-49

@ICP_SHORT_LIST

Reported:  08/03/2015 Page 4 of 5

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

545000

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on July 24, 2015 at 1346.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201507240263 07/22/2015 1813N-HF-50

@ICP_SHORT_LIST

201507240264 07/22/2015 1852N-HF-51

@ICP_SHORT_LIST

201507240265 07/22/2015 0910N-FH-UPDI

@ICP_SHORT_LIST

201507240266 07/22/2015 0933N-HF-DUPLICATE #23A

@ICP_SHORT_LIST

201507240267 07/22/2015 0938N-HF-DUPLICATE #23B

@ICP_SHORT_LIST

201507240268 07/22/2015 1039N-HF-DUPLICATE #31

@ICP_SHORT_LIST

201507240269 07/22/2015 1157N-HF-DUPLICATE #37

@ICP_SHORT_LIST

@ICP_SHORT_LIST -- ICP Metals

Test Description

Reported:  08/03/2015 Page 5 of 5

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Laboratory Comments

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Comments - Page 1 of 1The Comments Report may be blank if there are no comments for this report.
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Laboratory Hits 

Report: 545000

Samples Received on:

07/24/2015 1346

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201507240211 N-HF-BKG1

07/29/2015 21:54 Lithium Total ICAP mg/L0.016 0.001

201507240212 N-HF-BKG2

07/29/2015 21:56 Lithium Total ICAP mg/L0.015 0.001

201507240213 N-HF-BKG3

07/29/2015 21:58 Lithium Total ICAP mg/L0.015 0.001

201507240214 N-HF-1

07/30/2015 12:34 Lithium Total ICAP mg/L0.016 0.001

201507240215 N-HF-2

07/30/2015 13:07 Lithium Total ICAP mg/L0.016 0.001

201507240216 N-HF-3

07/30/2015 13:53 Lithium Total ICAP mg/L0.016 0.001

201507240217 N-HF-4

07/30/2015 14:25 Lithium Total ICAP mg/L0.016 0.001

201507240218 N-HF-5

07/30/2015 12:46 Lithium Total ICAP mg/L0.018 0.001

201507240219 N-HF-6

07/30/2015 12:48 Lithium Total ICAP mg/L0.048 0.001

201507240220 N-HF-7

07/30/2015 12:51 Lithium Total ICAP mg/L0.16 0.02

201507240221 N-HF-8

07/30/2015 12:53 Lithium Total ICAP mg/L0.26 0.02

201507240222 N-HF-9

07/30/2015 12:55 Lithium Total ICAP mg/L0.37 0.02

201507240223 N-HF-10

07/30/2015 12:57 Lithium Total ICAP mg/L0.48 0.02

201507240224 N-HF-11

07/30/2015 13:00 Lithium Total ICAP mg/L0.51 0.02

201507240225 N-HF-12

07/30/2015 13:02 Lithium Total ICAP mg/L0.54 0.02

201507240226 N-HF-13
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Laboratory Hits 

Report: 545000

Samples Received on:

07/24/2015 1346

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

07/30/2015 13:04 Lithium Total ICAP mg/L0.52 0.02

201507240227 N-HF-14

07/30/2015 13:18 Lithium Total ICAP mg/L0.49 0.02

201507240228 N-HF-15

07/30/2015 13:21 Lithium Total ICAP mg/L0.45 0.02

201507240229 N-HF-16

07/30/2015 13:23 Lithium Total ICAP mg/L0.40 0.02

201507240230 N-HF-17

07/30/2015 13:25 Lithium Total ICAP mg/L0.35 0.02

201507240231 N-HF-18

07/30/2015 13:28 Lithium Total ICAP mg/L0.30 0.02

201507240232 N-HF-19

07/30/2015 13:30 Lithium Total ICAP mg/L0.28 0.02

201507240233 N-HF-20

07/30/2015 13:32 Lithium Total ICAP mg/L0.21 0.02

201507240234 N-HF-21

07/30/2015 13:34 Lithium Total ICAP mg/L0.16 0.02

201507240235 N-HF-22

07/30/2015 13:41 Lithium Total ICAP mg/L0.13 0.02

201507240236 N-HF-23

07/30/2015 14:00 Lithium Total ICAP mg/L0.11 0.02

201507240237 N-HF-24

07/30/2015 14:02 Lithium Total ICAP mg/L0.10 0.02

201507240238 N-HF-25

07/30/2015 14:09 Lithium Total ICAP mg/L0.098 0.02

201507240239 N-HF-26

07/30/2015 14:11 Lithium Total ICAP mg/L0.096 0.02

201507240240 N-HF-27

07/30/2015 14:14 Lithium Total ICAP mg/L0.098 0.02

201507240241 N-HF-28

07/30/2015 14:16 Lithium Total ICAP mg/L0.094 0.02
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Laboratory Hits 

Report: 545000

Samples Received on:

07/24/2015 1346

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201507240242 N-HF-29

07/30/2015 14:18 Lithium Total ICAP mg/L0.091 0.02

201507240243 N-HF-30

07/30/2015 14:21 Lithium Total ICAP mg/L0.081 0.02

201507240244 N-HF-31

07/30/2015 14:23 Lithium Total ICAP mg/L0.079 0.001

201507240245 N-HF-32

07/30/2015 14:37 Lithium Total ICAP mg/L0.068 0.001

201507240246 N-HF-33

07/30/2015 14:39 Lithium Total ICAP mg/L0.061 0.001

201507240247 N-HF-34

07/30/2015 14:42 Lithium Total ICAP mg/L0.057 0.001

201507240248 N-HF-35

07/30/2015 14:44 Lithium Total ICAP mg/L0.054 0.001

201507240249 N-HF-36

07/30/2015 14:46 Lithium Total ICAP mg/L0.050 0.001

201507240250 N-HF-37

07/30/2015 14:49 Lithium Total ICAP mg/L0.045 0.001

201507240251 N-HF-38

07/30/2015 14:51 Lithium Total ICAP mg/L0.040 0.001

201507240252 N-HF-39

07/30/2015 14:53 Lithium Total ICAP mg/L0.035 0.001

201507240253 N-HF-40

07/30/2015 14:56 Lithium Total ICAP mg/L0.029 0.001

201507240254 N-HF-41

07/29/2015 21:10 Lithium Total ICAP mg/L0.024 0.001

201507240255 N-HF-42

07/29/2015 21:15 Lithium Total ICAP mg/L0.021 0.001

201507240256 N-HF-43

07/29/2015 21:17 Lithium Total ICAP mg/L0.020 0.001

201507240257 N-HF-44
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Laboratory Hits 

Report: 545000

Samples Received on:

07/24/2015 1346

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

07/29/2015 21:19 Lithium Total ICAP mg/L0.019 0.001

201507240258 N-HF-45

07/29/2015 21:24 Lithium Total ICAP mg/L0.018 0.001

201507240259 N-HF-46

07/29/2015 21:26 Lithium Total ICAP mg/L0.017 0.001

201507240260 N-HF-47

07/29/2015 21:28 Lithium Total ICAP mg/L0.016 0.001

201507240261 N-HF-48

07/29/2015 21:30 Lithium Total ICAP mg/L0.016 0.001

201507240262 N-HF-49

07/29/2015 21:31 Lithium Total ICAP mg/L0.016 0.001

201507240263 N-HF-50

07/29/2015 21:33 Lithium Total ICAP mg/L0.016 0.001

201507240264 N-HF-51

07/29/2015 21:35 Lithium Total ICAP mg/L0.016 0.001

201507240266 N-HF-DUPLICATE #23A

07/29/2015 21:46 Lithium Total ICAP mg/L0.13 0.001

201507240267 N-HF-DUPLICATE #23B

07/29/2015 21:48 Lithium Total ICAP mg/L0.12 0.001

201507240268 N-HF-DUPLICATE #31

07/29/2015 21:51 Lithium Total ICAP mg/L0.077 0.001

201507240269 N-HF-DUPLICATE #37

07/29/2015 21:52 Lithium Total ICAP mg/L0.042 0.001
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Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

N-HF-BKG1 (201507240211) Sampled on 07/22/2015 0715

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:5407/29/2015

N-HF-BKG2 (201507240212) Sampled on 07/22/2015 0715

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.015 21:5607/29/2015

N-HF-BKG3 (201507240213) Sampled on 07/22/2015 0715

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.015 21:5807/29/2015

N-HF-1 (201507240214) Sampled on 07/22/2015 0800

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 12:3407/30/2015

N-HF-2 (201507240215) Sampled on 07/22/2015 0806

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 13:0707/30/2015

N-HF-3 (201507240216) Sampled on 07/22/2015 0812

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 13:5307/30/2015

N-HF-4 (201507240217) Sampled on 07/22/2015 0818

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 14:2507/30/2015

N-HF-5 (201507240218) Sampled on 07/22/2015 0824

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.018 12:4607/30/2015

N-HF-6 (201507240219) Sampled on 07/22/2015 0830

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.048 12:4807/30/2015

N-HF-7 (201507240220) Sampled on 07/22/2015 0836

EPA 200.7 - ICP Metals

Data Report - Page 1 of 7

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.16 12:5107/30/2015

N-HF-8 (201507240221) Sampled on 07/22/2015 0839

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.26 12:5307/30/2015

N-HF-9 (201507240222) Sampled on 07/22/2015 0842

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.37 12:5507/30/2015

N-HF-10 (201507240223) Sampled on 07/22/2015 0845

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.48 12:5707/30/2015

N-HF-11 (201507240224) Sampled on 07/22/2015 0848

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.51 13:0007/30/2015

N-HF-12 (201507240225) Sampled on 07/22/2015 0851

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.54 13:0207/30/2015

N-HF-13 (201507240226) Sampled on 07/22/2015 0854

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.52 13:0407/30/2015

N-HF-14 (201507240227) Sampled on 07/22/2015 0857

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.49 13:1807/30/2015

N-HF-15 (201507240228) Sampled on 07/22/2015 0900

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.45 13:2107/30/2015

N-HF-16 (201507240229) Sampled on 07/22/2015 0903

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.40 13:2307/30/2015

N-HF-17 (201507240230) Sampled on 07/22/2015 0906
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Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.35 13:2507/30/2015

N-HF-18 (201507240231) Sampled on 07/22/2015 0909

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.30 13:2807/30/2015

N-HF-19 (201507240232) Sampled on 07/22/2015 0912

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.28 13:3007/30/2015

N-HF-20 (201507240233) Sampled on 07/22/2015 0918

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.21 13:3207/30/2015

N-HF-21 (201507240234) Sampled on 07/22/2015 0924

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.16 13:3407/30/2015

N-HF-22 (201507240235) Sampled on 07/22/2015 0930

EPA 200.7 - ICP Metals
7/27/2015  852826 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.13 13:4107/30/2015

N-HF-23 (201507240236) Sampled on 07/22/2015 0936

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.11 14:0007/30/2015

N-HF-24 (201507240237) Sampled on 07/22/2015 0942

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.10 14:0207/30/2015

N-HF-25 (201507240238) Sampled on 07/22/2015 0948

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.098 14:0907/30/2015

N-HF-26 (201507240239) Sampled on 07/22/2015 0954

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.096 14:1107/30/2015

N-HF-27 (201507240240) Sampled on 07/22/2015 1000
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Rounding on totals after summation.
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Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.098 14:1407/30/2015

N-HF-28 (201507240241) Sampled on 07/22/2015 1006

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.094 14:1607/30/2015

N-HF-29 (201507240242) Sampled on 07/22/2015 1012

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.091 14:1807/30/2015

N-HF-30 (201507240243) Sampled on 07/22/2015 1025

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.02  200.081 14:2107/30/2015

N-HF-31 (201507240244) Sampled on 07/22/2015 1038

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.079 14:2307/30/2015

N-HF-32 (201507240245) Sampled on 07/22/2015 1051

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.068 14:3707/30/2015

N-HF-33 (201507240246) Sampled on 07/22/2015 1313

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.061 14:3907/30/2015

N-HF-34 (201507240247) Sampled on 07/22/2015 1117

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.057 14:4207/30/2015

N-HF-35 (201507240248) Sampled on 07/22/2015 1130

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.054 14:4407/30/2015

N-HF-36 (201507240249) Sampled on 07/22/2015 1144

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.050 14:4607/30/2015
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Rounding on totals after summation.
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Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

N-HF-37 (201507240250) Sampled on 07/22/2015 1156

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.045 14:4907/30/2015

N-HF-38 (201507240251) Sampled on 07/22/2015 1209

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.040 14:5107/30/2015

N-HF-39 (201507240252) Sampled on 07/22/2015 1222

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.035 14:5307/30/2015

N-HF-40 (201507240253) Sampled on 07/22/2015 1248

EPA 200.7 - ICP Metals
7/27/2015  852827 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.029 14:5607/30/2015

N-HF-41 (201507240254) Sampled on 07/22/2015 1314

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.024 21:1007/29/2015

N-HF-42 (201507240255) Sampled on 07/22/2015 1340

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.021 21:1507/29/2015

N-HF-43 (201507240256) Sampled on 07/22/2015 1406

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.020 21:1707/29/2015

N-HF-44 (201507240257) Sampled on 07/22/2015 1432

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.019 21:1907/29/2015

N-HF-45 (201507240258) Sampled on 07/22/2015 1458

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.018 21:2407/29/2015

N-HF-46 (201507240259) Sampled on 07/22/2015 1537

EPA 200.7 - ICP Metals
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Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.017 21:2607/29/2015

N-HF-47 (201507240260) Sampled on 07/22/2015 1616

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:2807/29/2015

N-HF-48 (201507240261) Sampled on 07/22/2015 1655

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:3007/29/2015

N-HF-49 (201507240262) Sampled on 07/22/2015 1734

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:3107/29/2015

N-HF-50 (201507240263) Sampled on 07/22/2015 1813

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:3307/29/2015

N-HF-51 (201507240264) Sampled on 07/22/2015 1852

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.016 21:3507/29/2015

N-FH-UPDI (201507240265) Sampled on 07/22/2015 0910

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  1ND 21:4107/29/2015

N-HF-DUPLICATE #23A (201507240266) Sampled on 07/22/2015 0933

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.13 21:4607/29/2015

N-HF-DUPLICATE #23B (201507240267) Sampled on 07/22/2015 0938

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.12 21:4807/29/2015

N-HF-DUPLICATE #31 (201507240268) Sampled on 07/22/2015 1039

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.077 21:5107/29/2015

N-HF-DUPLICATE #37 (201507240269) Sampled on 07/22/2015 1157

Data Report - Page 6 of 7

Rounding on totals after summation.

(c) - indicates calculated results

Page 27 of 31 pages



Laboratory Data 

Report: 545000

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

07/24/2015 1346

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
7/27/2015  852828 Lithium Total ICAP mg/L(EPA 200.7) 0.001  10.042 21:5207/29/2015
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Laboratory

QC Summary: 545000

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref # 852826 - ICP Metals Analysis Date: 07/30/2015

N-HF-1 Analyzed by: NINA201507240214

N-HF-2 Analyzed by: NINA201507240215

N-HF-5 Analyzed by: NINA201507240218

N-HF-6 Analyzed by: NINA201507240219

N-HF-7 Analyzed by: NINA201507240220

N-HF-8 Analyzed by: NINA201507240221

N-HF-9 Analyzed by: NINA201507240222

N-HF-10 Analyzed by: NINA201507240223

N-HF-11 Analyzed by: NINA201507240224

N-HF-12 Analyzed by: NINA201507240225

N-HF-13 Analyzed by: NINA201507240226

N-HF-14 Analyzed by: NINA201507240227

N-HF-15 Analyzed by: NINA201507240228

N-HF-16 Analyzed by: NINA201507240229

N-HF-17 Analyzed by: NINA201507240230

N-HF-18 Analyzed by: NINA201507240231

N-HF-19 Analyzed by: NINA201507240232

N-HF-20 Analyzed by: NINA201507240233

N-HF-21 Analyzed by: NINA201507240234

N-HF-22 Analyzed by: NINA201507240235

QC Ref # 852827 - ICP Metals Analysis Date: 07/30/2015

N-HF-3 Analyzed by: NINA201507240216

N-HF-4 Analyzed by: NINA201507240217

N-HF-23 Analyzed by: NINA201507240236

N-HF-24 Analyzed by: NINA201507240237

N-HF-25 Analyzed by: NINA201507240238

N-HF-26 Analyzed by: NINA201507240239

N-HF-27 Analyzed by: NINA201507240240

N-HF-28 Analyzed by: NINA201507240241

N-HF-29 Analyzed by: NINA201507240242

N-HF-30 Analyzed by: NINA201507240243

N-HF-31 Analyzed by: NINA201507240244

N-HF-32 Analyzed by: NINA201507240245

N-HF-33 Analyzed by: NINA201507240246

N-HF-34 Analyzed by: NINA201507240247

N-HF-35 Analyzed by: NINA201507240248

N-HF-36 Analyzed by: NINA201507240249

N-HF-37 Analyzed by: NINA201507240250

N-HF-38 Analyzed by: NINA201507240251

N-HF-39 Analyzed by: NINA201507240252

N-HF-40 Analyzed by: NINA201507240253

QC Ref # 852828 - ICP Metals Analysis Date: 07/29/2015

N-HF-BKG1 Analyzed by: NINA201507240211

N-HF-BKG2 Analyzed by: NINA201507240212

QC Summary - Page 1 of 2
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Laboratory

QC Summary: 545000

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

N-HF-BKG3 Analyzed by: NINA201507240213

N-HF-41 Analyzed by: NINA201507240254

N-HF-42 Analyzed by: NINA201507240255

N-HF-43 Analyzed by: NINA201507240256

N-HF-44 Analyzed by: NINA201507240257

N-HF-45 Analyzed by: NINA201507240258

N-HF-46 Analyzed by: NINA201507240259

N-HF-47 Analyzed by: NINA201507240260

N-HF-48 Analyzed by: NINA201507240261

N-HF-49 Analyzed by: NINA201507240262

N-HF-50 Analyzed by: NINA201507240263

N-HF-51 Analyzed by: NINA201507240264

N-FH-UPDI Analyzed by: NINA201507240265

N-HF-DUPLICATE #23A Analyzed by: NINA201507240266

N-HF-DUPLICATE #23B Analyzed by: NINA201507240267

N-HF-DUPLICATE #31 Analyzed by: NINA201507240268

N-HF-DUPLICATE #37 Analyzed by: NINA201507240269

QC Summary - Page 2 of 2
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Laboratory QC

Report: 545000

City of Westminster

QC Type Analyte Spiked Limits (%)Recovered Units Yield (%)Native RPDLimit (%) RPD%

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref#  852826 - ICP Metals by EPA 200.7 Analysis Date: 07/30/2015

LCS1 Lithium Total ICAP 0.02 0.0210 mg/L 105 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0217 mg/L 108 (85-115) 2.820

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00126 mg/L 126 (50-150)

MS_201507240214 Lithium Total ICAP 0.02 0.0393 mg/L 118 (70-130)0.016

MS_201507240215 Lithium Total ICAP 0.02 0.0393 mg/L 119 (70-130)0.016

MSD_201507240214 Lithium Total ICAP 0.02 0.0392 mg/L 118 (70-130) 0.00.016 20

MSD_201507240215 Lithium Total ICAP 0.02 0.0396 mg/L 121 (70-130) 0.760.016 20

QC Ref#  852827 - ICP Metals by EPA 200.7 Analysis Date: 07/30/2015

LCS1 Lithium Total ICAP 0.02 0.0214 mg/L 107 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0212 mg/L 106 (85-115) 0.9420

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00115 mg/L 115 (50-150)

MS_201507240216 Lithium Total ICAP 0.02 0.0397 mg/L 120 (70-130)0.016

MS_201507240217 Lithium Total ICAP 0.02 0.0394 mg/L 119 (70-130)0.016

MSD_201507240216 Lithium Total ICAP 0.02 0.0398 mg/L 120 (70-130) 0.250.016 20

MSD_201507240217 Lithium Total ICAP 0.02 0.0400 mg/L 122 (70-130) 1.50.016 20

QC Ref#  852828 - ICP Metals by EPA 200.7 Analysis Date: 07/29/2015

LCS1 Lithium Total ICAP 0.02 0.0203 mg/L 102 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0202 mg/L 101 (85-115) 0.4920

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00127 mg/L 127 (50-150)

MS_201507240254 Lithium Total ICAP 0.02 0.0461 mg/L 113 (70-130)0.024

MS_201507240264 Lithium Total ICAP 0.02 0.0380 mg/L 113 (70-130)0.016

MSD_201507240254 Lithium Total ICAP 0.02 0.0456 mg/L 110 (70-130) 1.10.024 20

MSD_201507240264 Lithium Total ICAP 0.02 0.0378 mg/L 112 (70-130) 0.790.016 20

QC Report - Page 1 of 1

Spike recovery is already corrected for native results.

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.

Criteria for MS and Dup are advisory only, batch control is based on LCS.  Criteria for duplicates are  advisory only, unless otherwise specified in the method.

RPD not calculated for LCS2 when different a concentration than LCS1 is used.

RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).

(S) - Indicates surrogate compound.

 (I) - Indicates internal standard compound.
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DECEMBER 18, 2015  PAGE 85 OF 180 

Attachment B‐2 

North, Low Raw Data 





SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 87 OF 180 

Table B‐2.1. Lithium Chloride Bottle Measurements 

Bottle #  Full Bottle Mass (g)  Empty Bottle Mass (g)  Lithium Chloride Mass (g) 

5  2663.14  160.2  2502.94 

6  2662.96  158.69  2504.27 

7  2655.36  149.51  2505.85 

15  593.23  77.17  516.06 

18  1104.19  103.95  1000.24 

Average  1935.776  129.904  1805.872 

Total Weights (g)  9678.88  649.52  9029.36 

 

Table B‐2.2. Background Lithium Concentration 

Sample ID  Sample Result (mg/L) 

N‐LF‐BKG‐1  0.011 

N‐LF‐BKG‐2  0.011 

N‐LF‐BKG‐3  0.012 

Average  0.011 

 

 

Table B‐2.3. North Train, Low Flow Tracer Test: Concentration and Recovery Results 

Sample No.  
Time (t) 
(min)  t/HRT 

Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

N‐LF‐1  0  0.0000  0.013  0.002  0.000  0.000 

N‐LF‐2  11  0.0515  0.012  0.001  0.405  0.405 

N‐LF‐3  22  0.1031  0.012  0.001  0.231  0.636 

N‐LF‐4  33  0.1546  0.012  0.001  0.231  0.868 

N‐LF‐5  44  0.2061  0.012  0.001  0.231  1.099 

N‐LF‐6  55  0.2577  0.017  0.006  1.099  2.198 

N‐LF‐7*  60  0.2811  0.022  0.011  1.288  3.486 

N‐LF‐8  65  0.3045  0.043  0.032  3.339  6.825 

N‐LF‐9  70  0.3279  0.086  0.075  8.387  15.213 

N‐LF‐10  75  0.3514  0.14  0.129  16.038  31.251 

N‐LF‐11  80  0.3748  0.20  0.189  25.030  56.281 

N‐LF‐12  85  0.3982  0.24  0.229  32.918  89.199 

N‐LF‐13*  90  0.4216  0.27  0.259  38.439  127.638 

N‐LF‐14  95  0.4451  0.30  0.289  43.172  170.810 

N‐LF‐15  100  0.4685  0.30  0.289  45.538  216.348 

N‐LF‐16  105  0.4919  0.30  0.289  45.538  261.886 



SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 88 OF 180 

Table B‐2.3. North Train, Low Flow Tracer Test: Concentration and Recovery Results 

Sample No.  
Time (t) 
(min)  t/HRT 

Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

N‐LF‐17  110  0.5153  0.29  0.279  44.749  306.635 

N‐LF‐18*  121  0.5669  0.28  0.269  94.978  401.613 

N‐LF‐19  132  0.6184  0.23  0.219  84.566  486.180 

N‐LF‐20  143  0.6699  0.20  0.189  70.684  556.864 

N‐LF‐21  154  0.7215  0.18  0.149  58.537  615.400 

N‐LF‐22  165  0.7730  0.16  0.169  55.066  670.467 

N‐LF‐23  176  0.8245  0.15  0.139  53.331  723.798 

N‐LF‐24  187  0.8761  0.14  0.129  46.390  770.188 

N‐LF‐25  198  0.9276  0.13  0.119  42.919  813.107 

N‐LF‐26  209  0.9791  0.12  0.109  39.449  852.556 

N‐LF‐27  220  1.0307  0.11  0.099  35.978  888.534 

N‐LF‐28  242  1.1337  0.098  0.087  64.321  952.856 

N‐LF‐29  264  1.2368  0.084  0.073  55.298  1008.153 

N‐LF‐30  286  1.3399  0.074  0.063  46.968  1055.122 

N‐LF‐31  308  1.4429  0.066  0.055  40.721  1095.843 

N‐LF‐32  330  1.5460  0.060  0.049  35.863  1131.706 

N‐LF‐33  352  1.6491  0.056  0.045  32.392  1164.098 

N‐LF‐34  374  1.7522  0.055  0.044  30.657  1194.754 

N‐LF‐35  396  1.8552  0.049  0.038  28.227  1222.982 

N‐LF‐36  418  1.9583  0.042  0.031  23.716  1246.697 

N‐LF‐37  440  2.0614  0.037  0.026  19.551  1266.248 

N‐LF‐38  483  2.2628  0.030  0.019  30.073  1296.321 

N‐LF‐39  526  2.4643  0.026  0.015  22.611  1318.932 

N‐LF‐40  569  2.6657  0.022  0.011  17.185  1336.117 

N‐LF‐41  612  2.8672  0.019  0.008  12.436  1348.553 

N‐LF‐42  655  3.0686  0.017  0.006  9.045  1357.598 

N‐LF‐43  698  3.2701  0.018  0.007  8.366  1365.964 

*A field duplicate was collected for this sample. 
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* Accredited in accordance with TNI 2009 and ISO/IEC 17025:2005.

* Laboratory certifies that the test results meet all TNI 2009 and ISO/IEC 17025:2005  requirements unless noted under the individual analysis.

* Following the cover page are State Certification List, ISO 17025 Accredited Method List, Acknowledgement of Samples Received, Comments, Hits Report, 

  Data Report, QC Summary, QC Report and Regulatory Forms, as applicable. 

* Test results relate only to the sample(s) tested.  

* This report shall not be reproduced except in full, without the written approval of the laboratory. 
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STATE CERTIFICATION LIST 
 

* NELAP/TNI Recognized Accreditation Bodies  

State Certification Number State Certification Number 

Alabama 41060 Mississippi Certified 

---------- -------- Montana Cert 0035 

Arizona AZ0778 Nebraska Certified 

Arkansas Certified Nevada CA00006-2015 

California-Monrovia- 
ELAP 

2813 New Hampshire * 2959 

California-Colton- ELAP 2812 New Jersey * CA 008 

California-Folsom- ELAP 2820 New Mexico Certified 

California-Fresno- ELAP 2966 New York * 11320 

Colorado Certified North Carolina 06701 

Connecticut PH-0107 North Dakota R-009 

Delaware CA 006 Oregon (Primary AB) *  ORELAP 4034 

Florida * E871024 Pennsylvania * 68-565 

Georgia 947 Rhode Island LAO00326 

Guam 15-003r South Carolina 87016 

Hawaii Certified South Dakota Certified 

Idaho Certified Tennessee TN02839 

Illinois * 200033 Texas * T104704230-14-7 

Indiana C-CA-01 Utah * CA000062015-8 

Kansas * E-10268 Vermont VT0114 

Kentucky 90107 Virginia * 460260 

Louisiana * LA150018 Washington C838 

Maine CA0006 West Virginia 9943 C 

Maryland 224 Wisconsin 998316660 

Commonwealth of 
Northern Marianas Is. 

MP0004 Wyoming 8TMS-L 

Massachusetts  M-CA006 EPA Region 5 Certified 

Michigan 9906 
Los Angeles County  
Sanitation Districts 

10264 
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ISO 17025 Accredited Method List

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

1,4-Dioxane EPA 522 x x Hexavalent Chromium EPA 218.7 x x

2,3,7,8-TCDD Modified EPA 1613B x x Hexavalent Chromium SM 3500-Cr B x

Acrylamide In House Method (2440) x x Hormones EPA 539 x x

Alkalinity SM 2320B x x x Hydroxide as OH Calc. SM 2330B x x

Ammonia EPA 350.1 x x Kjeldahl Nitrogen EPA 351.2 x

Ammonia SM 4500-NH3 H x x Legionella CDC Legionella x x

Anions and DBPs by IC EPA 300.0 x x x Mercury EPA 245.1 x x x

Anions and DBPs by IC EPA 300.1 x x Metals EPA 200.7 / 200.8 x x x

Asbestos EPA 100.2 x x Microcystin LR ELISA (2360) x x

Bicarbonate Alkalinity as 
HCO3

SM 2320B x x x NDMA EPA 521 x x

BOD / CBOD SM 5210B x x Nitrate/Nitrite Nitrogen EPA 353.2 x x x

Bromate In House Method (2447) x x OCL, Pesticides/PCB EPA 505 x x

Carbamates EPA 531.2 x x Ortho Phosphate EPA 365.1 x x x

Carbonate as CO3 SM 2330B x x x Ortho Phosphate SM 4500P E x
Carbonyls EPA 556 x x Ortho Phosphorous SM 4500P E x

COD EPA 410.4 / SM 5220D x
Oxyhalides Disinfection 
Byproducts

EPA 317.0 x x

Chloramines SM 4500-CL G x x x Perchlorate EPA 331.0 x x

Chlorinated Acids EPA 515.4 x x Perchlorate  (low and high) EPA 314.0 x x

Chlorinated Acids EPA 555 x x Perfluorinated Alkyl Acids EPA 537 x x

Chlorine Dioxide SM 4500-CLO2 D x x pH EPA 150.1 x
Chlorine -Total/Free/ 
Combined Residual

SM 4500-Cl G x x x pH SM 4500-H+B x x x

Conductivity EPA 120.1 x
Phenylurea Pesticides/ 
Herbicides

In House Method, based on EPA 
532 (2448)

x x

Conductivity SM 2510B x x x Pseudomonas IDEXX Pseudalert (2461) x x

Corrosivity (Langelier Index) SM 2330B x x Radium-226 GA Institute of Tech x x

Cryptosporidium EPA 1622, 1623 x x Radium-228 GA Institute of Tech x x

Cyanide, Amenable SM 4500-CN G x x Radon-222 SM 7500RN x x

Cyanide, Free SM 4500CN F x x x Residue, Filterable SM 2540C x x x

Cyanide, Total EPA 335.4 x x x Residue, Non-filterable SM 2540D x

Cyanogen Chloride 
(screen)

In House Method (2470) x x Residue, Total SM 2540B x x

Diquat and Paraquat EPA 549.2 x x Residue, Volatile EPA 160.4 x

DBP/HAA SM 6251B x x Semi-VOC EPA 525.2 x x

Dissolved Oxygen SM 4500-O G x x Semi-VOC EPA 625 x x

DOC SM 5310C x x Silica SM 4500-Si D x x

E. Coli (MTF/EC+MUG) x x Silica SM 4500-SiO2 C x x

E. Coli CFR 141.21(f)(6)(i) x x Sulfide SM 4500-S= D x

E. Coli SM 9223 x Sulfite SM 4500-SO3B x x x

E. Coli (Enumeration) SM 9221B.1/ SM 9221F x x Surfactants SM 5540C x x x

E. Coli (Enumeration) SM 9223B x x Taste and Odor Analytes SM 6040E x x

EDB/DCBP EPA 504.1 x Total Coliform (P/A) SM 9221 A, B x x

EDB/DBCP and DBP EPA 551.1 x x
Total Coliform 
(Enumeration)

SM 9221 A, B, C x x

EDTA and NTA In House Method (2454) x x Total Coliform / E. coli Colisure (2346) x x

Endothall EPA 548.1 x x Total Coliform SM 9221B x

Endothall In-house Method (2445) x x
Total Coliform with 
Chlorine Present

SM 9221B x

Enterococci SM 9230B x x
Total Coliform / E.coli (P/A 
and Enumeration)

SM 9223 x x

Fecal Coliform SM 9221 E (MTF/EC) x TOC SM 5310C x x x

Fecal Coliform SM 9221C, E (MTF/EC) x TOX SM 5320B x

Fecal Coliform 
(Enumeration)

SM 9221E (MTF/EC) x x Total Phenols EPA 420.1 x

Fecal Coliform with 
Chlorine Present

SM 9221E x Total Phenols EPA 420.4 x x x

Fecal Streptococci SM 9230B x x Total Phosphorous SM 4500 P E x

Fluoride SM 4500-F C x x x Turbidity EPA 180.1 x x x

Giardia EPA 1623 x x Turbidity SM 2130B x x

Glyphosate EPA 547 x x Uranium by ICP/MS EPA 200.8 x x

Gross Alpha/Beta EPA 900.0 x x x UV 254 SM 5910B x

Gross Alpha Coprecipitation SM 7110 C x x x VOC EPA 524.2/EPA 524.3 x x

Hardness SM 2340B x x x VOC EPA 624 x x

Heterotrophic Bacteria In House Method (2439) x x VOC EPA SW 846 8260 x x

Heterotrophic Bacteria SM 9215 B x x VOC In House Method (2411) x x

Hexavalent Chromium EPA 218.6 x x x Yeast and Mold SM 9610 x x

Version 001 Issued: 09/04/2015

The tests listed below are accredited and meet the requirements of ISO 17025 as verified by the ANSI‐ASQ National Accreditation Board/ANAB. 

Refer to Certificate and scope of accreditation (AT 1807) found at: http://www.eatonanalytical.com

750 Royal Oaks Dr., Ste 100, Monrovia, CA 91016 Tel (626) 386‐1100 Fax (626) 386‐1101 http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

550962

CT-TRACER-STUDY

Tracer Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 01, 2015 at 1203.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509010559 08/28/2015 0735N-LF-BKG1

@ICP_SHORT_LIST

201509010560 08/28/2015 0735N-LF-BKG-2

@ICP_SHORT_LIST

201509010561 08/28/2015 0735N-LF-BKG-3

@ICP_SHORT_LIST

201509010562 08/28/2015 0800N-LF-1

@ICP_SHORT_LIST

201509010563 08/28/2015 0811N-LF-2

@ICP_SHORT_LIST

201509010564 08/28/2015 0822N-LF-3

@ICP_SHORT_LIST

201509010565 08/28/2015 0833N-LF-4

@ICP_SHORT_LIST

201509010566 08/28/2015 0844N-LF-5

@ICP_SHORT_LIST

201509010567 08/28/2015 0855N-LF-6

@ICP_SHORT_LIST

201509010568 08/28/2015 0900N-LF-7

@ICP_SHORT_LIST

201509010569 08/28/2015 0905N-LF-8

@ICP_SHORT_LIST

201509010570 08/28/2015 0910N-LF-9

@ICP_SHORT_LIST

201509010571 08/28/2015 0915N-LF-10

@ICP_SHORT_LIST

Reported:  09/16/2015 Page 1 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

550962

CT-TRACER-STUDY

Tracer Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 01, 2015 at 1203.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509010572 08/28/2015 0920N-LF-11

@ICP_SHORT_LIST

201509010573 08/28/2015 0925N-LF-12

@ICP_SHORT_LIST

201509010574 08/28/2015 0930N-LF-13

@ICP_SHORT_LIST

201509010575 08/28/2015 0935N-LF-14

@ICP_SHORT_LIST

201509010576 08/28/2015 0940N-LF-15

@ICP_SHORT_LIST

201509010577 08/28/2015 0945N-LF-16

@ICP_SHORT_LIST

201509010578 08/28/2015 0950N-LF-17

@ICP_SHORT_LIST

201509010579 08/28/2015 1001N-LF-18

@ICP_SHORT_LIST

201509010580 08/28/2015 1012N-LF-19

@ICP_SHORT_LIST

201509010581 08/28/2015 1023N-LF-20

@ICP_SHORT_LIST

201509010582 08/28/2015 1034N-LF-21

@ICP_SHORT_LIST

201509010583 08/28/2015 1045N-LF-22

@ICP_SHORT_LIST

201509010584 08/28/2015 1056N-LF-23

@ICP_SHORT_LIST

Reported:  09/16/2015 Page 2 of 4
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Acknowledgement of Samples Received

WESTMINSTER-CO

550962

CT-TRACER-STUDY

Tracer Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 01, 2015 at 1203.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509010585 08/28/2015 1107N-LF-24

@ICP_SHORT_LIST

201509010586 08/28/2015 1118N-LF-25

@ICP_SHORT_LIST

201509010587 08/28/2015 1129N-LF-26

@ICP_SHORT_LIST

201509010588 08/28/2015 1140N-LF-27

@ICP_SHORT_LIST

201509010589 08/28/2015 1202N-LF-28

@ICP_SHORT_LIST

201509010590 08/28/2015 1224N-LF-29

@ICP_SHORT_LIST

201509010591 08/28/2015 1246N-LF-30

@ICP_SHORT_LIST

201509010592 08/28/2015 1308N-LF-31

@ICP_SHORT_LIST

201509010593 08/28/2015 1330N-LF-32

@ICP_SHORT_LIST

201509010594 08/28/2015 1352N-LF-33

@ICP_SHORT_LIST

201509010595 08/28/2015 1414N-LF-34

@ICP_SHORT_LIST

201509010596 08/28/2015 1436N-LF-35

@ICP_SHORT_LIST

201509010597 08/28/2015 1458N-LF-36

@ICP_SHORT_LIST

Reported:  09/16/2015 Page 3 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

550962

CT-TRACER-STUDY

Tracer Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 01, 2015 at 1203.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509010598 08/28/2015 1520N-LF-37

@ICP_SHORT_LIST

201509010599 08/28/2015 1603N-LF-38

@ICP_SHORT_LIST

201509010600 08/28/2015 1646N-LF-39

@ICP_SHORT_LIST

201509010601 08/28/2015 1729N-LF-40

@ICP_SHORT_LIST

201509010602 08/28/2015 1812N-LF-41

@ICP_SHORT_LIST

201509010603 08/28/2015 0900N-LF-DUPLICATE #7

@ICP_SHORT_LIST

201509010604 08/28/2015 0930N-LF-DUPLICATE #13

@ICP_SHORT_LIST

201509010605 08/28/2015 1001N-LF-DUPLICATE #18

@ICP_SHORT_LIST

201509010606 08/28/2015 1855N-LF-42

@ICP_SHORT_LIST

201509010607 08/28/2015 1938N-LF-43

@ICP_SHORT_LIST

@ICP_SHORT_LIST -- ICP Metals

Test Description

Reported:  09/16/2015 Page 4 of 4
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Laboratory Comments

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Comments - Page 1 of 1The Comments Report may be blank if there are no comments for this report.

Page 14 of 27 pages



Laboratory Hits 

Report: 550962

Samples Received on:

09/01/2015 1203

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201509010559 N-LF-BKG1

09/02/2015 23:29 Lithium Total ICAP mg/L0.011 0.01

201509010560 N-LF-BKG-2

09/02/2015 23:32 Lithium Total ICAP mg/L0.011 0.01

201509010561 N-LF-BKG-3

09/02/2015 23:55 Lithium Total ICAP mg/L0.012 0.01

201509010562 N-LF-1

09/02/2015 20:31 Lithium Total ICAP mg/L0.013 0.01

201509010563 N-LF-2

09/02/2015 20:38 Lithium Total ICAP mg/L0.012 0.01

201509010564 N-LF-3

09/02/2015 20:40 Lithium Total ICAP mg/L0.012 0.01

201509010565 N-LF-4

09/02/2015 20:43 Lithium Total ICAP mg/L0.012 0.01

201509010566 N-LF-5

09/02/2015 20:45 Lithium Total ICAP mg/L0.012 0.01

201509010567 N-LF-6

09/02/2015 20:47 Lithium Total ICAP mg/L0.017 0.01

201509010568 N-LF-7

09/02/2015 20:50 Lithium Total ICAP mg/L0.022 0.01

201509010569 N-LF-8

09/02/2015 20:52 Lithium Total ICAP mg/L0.043 0.01

201509010570 N-LF-9

09/02/2015 21:08 Lithium Total ICAP mg/L0.086 0.01

201509010571 N-LF-10

09/02/2015 21:15 Lithium Total ICAP mg/L0.14 0.01

201509010572 N-LF-11

09/02/2015 21:17 Lithium Total ICAP mg/L0.20 0.01

201509010573 N-LF-12

09/02/2015 21:20 Lithium Total ICAP mg/L0.24 0.01

201509010574 N-LF-13

Hits Report - Page 1 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550962

Samples Received on:

09/01/2015 1203

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/02/2015 21:22 Lithium Total ICAP mg/L0.27 0.01

201509010575 N-LF-14

09/02/2015 21:25 Lithium Total ICAP mg/L0.30 0.01

201509010576 N-LF-15

09/02/2015 21:27 Lithium Total ICAP mg/L0.30 0.01

201509010577 N-LF-16

09/02/2015 21:34 Lithium Total ICAP mg/L0.30 0.01

201509010578 N-LF-17

09/02/2015 21:36 Lithium Total ICAP mg/L0.29 0.01

201509010579 N-LF-18

09/02/2015 21:39 Lithium Total ICAP mg/L0.28 0.01

201509010580 N-LF-19

09/02/2015 21:41 Lithium Total ICAP mg/L0.23 0.01

201509010581 N-LF-20

09/02/2015 21:48 Lithium Total ICAP mg/L0.20 0.01

201509010582 N-LF-21

09/02/2015 21:50 Lithium Total ICAP mg/L0.18 0.01

201509010583 N-LF-22

09/02/2015 21:53 Lithium Total ICAP mg/L0.16 0.01

201509010584 N-LF-23

09/02/2015 21:55 Lithium Total ICAP mg/L0.15 0.01

201509010585 N-LF-24

09/02/2015 22:02 Lithium Total ICAP mg/L0.14 0.01

201509010586 N-LF-25

09/02/2015 22:04 Lithium Total ICAP mg/L0.13 0.01

201509010587 N-LF-26

09/02/2015 22:07 Lithium Total ICAP mg/L0.12 0.01

201509010588 N-LF-27

09/02/2015 22:09 Lithium Total ICAP mg/L0.11 0.01

201509010589 N-LF-28

09/02/2015 22:11 Lithium Total ICAP mg/L0.098 0.01

Hits Report - Page 2 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550962

Samples Received on:

09/01/2015 1203

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201509010590 N-LF-29

09/02/2015 22:23 Lithium Total ICAP mg/L0.084 0.01

201509010591 N-LF-30

09/02/2015 22:34 Lithium Total ICAP mg/L0.074 0.01

201509010592 N-LF-31

09/02/2015 22:37 Lithium Total ICAP mg/L0.066 0.01

201509010593 N-LF-32

09/02/2015 22:39 Lithium Total ICAP mg/L0.060 0.01

201509010594 N-LF-33

09/02/2015 22:42 Lithium Total ICAP mg/L0.056 0.01

201509010595 N-LF-34

09/02/2015 22:44 Lithium Total ICAP mg/L0.055 0.01

201509010596 N-LF-35

09/02/2015 22:46 Lithium Total ICAP mg/L0.049 0.01

201509010597 N-LF-36

09/02/2015 22:49 Lithium Total ICAP mg/L0.042 0.01

201509010598 N-LF-37

09/02/2015 22:51 Lithium Total ICAP mg/L0.037 0.01

201509010599 N-LF-38

09/02/2015 22:58 Lithium Total ICAP mg/L0.030 0.01

201509010600 N-LF-39

09/02/2015 23:00 Lithium Total ICAP mg/L0.026 0.01

201509010601 N-LF-40

09/02/2015 23:07 Lithium Total ICAP mg/L0.022 0.01

201509010602 N-LF-41

09/02/2015 23:10 Lithium Total ICAP mg/L0.019 0.01

201509010603 N-LF-DUPLICATE #7

09/02/2015 23:17 Lithium Total ICAP mg/L0.023 0.01

201509010604 N-LF-DUPLICATE #13

09/02/2015 23:20 Lithium Total ICAP mg/L0.28 0.01

201509010605 N-LF-DUPLICATE #18

Hits Report - Page 3 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550962

Samples Received on:

09/01/2015 1203

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/02/2015 23:27 Lithium Total ICAP mg/L0.27 0.01

201509010606 N-LF-42

09/02/2015 23:12 Lithium Total ICAP mg/L0.017 0.01

201509010607 N-LF-43

09/02/2015 23:15 Lithium Total ICAP mg/L0.018 0.01

Hits Report - Page 4 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

N-LF-BKG1 (201509010559) Sampled on 08/28/2015 0735

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.011 23:2909/02/2015

N-LF-BKG-2 (201509010560) Sampled on 08/28/2015 0735

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.011 23:3209/02/2015

N-LF-BKG-3 (201509010561) Sampled on 08/28/2015 0735

EPA 200.7 - ICP Metals
9/2/2015  859541 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 23:5509/02/2015

N-LF-1 (201509010562) Sampled on 08/28/2015 0800

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 20:3109/02/2015

N-LF-2 (201509010563) Sampled on 08/28/2015 0811

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:3809/02/2015

N-LF-3 (201509010564) Sampled on 08/28/2015 0822

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:4009/02/2015

N-LF-4 (201509010565) Sampled on 08/28/2015 0833

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:4309/02/2015

N-LF-5 (201509010566) Sampled on 08/28/2015 0844

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:4509/02/2015

N-LF-6 (201509010567) Sampled on 08/28/2015 0855

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.017 20:4709/02/2015

N-LF-7 (201509010568) Sampled on 08/28/2015 0900

EPA 200.7 - ICP Metals

Data Report - Page 1 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.022 20:5009/02/2015

N-LF-8 (201509010569) Sampled on 08/28/2015 0905

EPA 200.7 - ICP Metals
9/2/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.043 20:5209/02/2015

N-LF-9 (201509010570) Sampled on 08/28/2015 0910

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.086 21:0809/02/2015

N-LF-10 (201509010571) Sampled on 08/28/2015 0915

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.14 21:1509/02/2015

N-LF-11 (201509010572) Sampled on 08/28/2015 0920

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.20 21:1709/02/2015

N-LF-12 (201509010573) Sampled on 08/28/2015 0925

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.24 21:2009/02/2015

N-LF-13 (201509010574) Sampled on 08/28/2015 0930

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.27 21:2209/02/2015

N-LF-14 (201509010575) Sampled on 08/28/2015 0935

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.30 21:2509/02/2015

N-LF-15 (201509010576) Sampled on 08/28/2015 0940

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.30 21:2709/02/2015

N-LF-16 (201509010577) Sampled on 08/28/2015 0945

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.30 21:3409/02/2015

N-LF-17 (201509010578) Sampled on 08/28/2015 0950

Data Report - Page 2 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.29 21:3609/02/2015

N-LF-18 (201509010579) Sampled on 08/28/2015 1001

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.28 21:3909/02/2015

N-LF-19 (201509010580) Sampled on 08/28/2015 1012

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.23 21:4109/02/2015

N-LF-20 (201509010581) Sampled on 08/28/2015 1023

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.20 21:4809/02/2015

N-LF-21 (201509010582) Sampled on 08/28/2015 1034

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.18 21:5009/02/2015

N-LF-22 (201509010583) Sampled on 08/28/2015 1045

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.16 21:5309/02/2015

N-LF-23 (201509010584) Sampled on 08/28/2015 1056

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.15 21:5509/02/2015

N-LF-24 (201509010585) Sampled on 08/28/2015 1107

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.14 22:0209/02/2015

N-LF-25 (201509010586) Sampled on 08/28/2015 1118

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.13 22:0409/02/2015

N-LF-26 (201509010587) Sampled on 08/28/2015 1129

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.12 22:0709/02/2015

N-LF-27 (201509010588) Sampled on 08/28/2015 1140

Data Report - Page 3 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.11 22:0909/02/2015

N-LF-28 (201509010589) Sampled on 08/28/2015 1202

EPA 200.7 - ICP Metals
9/2/2015  859531 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.098 22:1109/02/2015

N-LF-29 (201509010590) Sampled on 08/28/2015 1224

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.084 22:2309/02/2015

N-LF-30 (201509010591) Sampled on 08/28/2015 1246

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.074 22:3409/02/2015

N-LF-31 (201509010592) Sampled on 08/28/2015 1308

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.066 22:3709/02/2015

N-LF-32 (201509010593) Sampled on 08/28/2015 1330

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.060 22:3909/02/2015

N-LF-33 (201509010594) Sampled on 08/28/2015 1352

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.056 22:4209/02/2015

N-LF-34 (201509010595) Sampled on 08/28/2015 1414

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.055 22:4409/02/2015

N-LF-35 (201509010596) Sampled on 08/28/2015 1436

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.049 22:4609/02/2015

N-LF-36 (201509010597) Sampled on 08/28/2015 1458

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.042 22:4909/02/2015

Data Report - Page 4 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

N-LF-37 (201509010598) Sampled on 08/28/2015 1520

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.037 22:5109/02/2015

N-LF-38 (201509010599) Sampled on 08/28/2015 1603

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.030 22:5809/02/2015

N-LF-39 (201509010600) Sampled on 08/28/2015 1646

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.026 23:0009/02/2015

N-LF-40 (201509010601) Sampled on 08/28/2015 1729

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.022 23:0709/02/2015

N-LF-41 (201509010602) Sampled on 08/28/2015 1812

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.019 23:1009/02/2015

N-LF-DUPLICATE #7 (201509010603) Sampled on 08/28/2015 0900

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.023 23:1709/02/2015

N-LF-DUPLICATE #13 (201509010604) Sampled on 08/28/2015 0930

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.28 23:2009/02/2015

N-LF-DUPLICATE #18 (201509010605) Sampled on 08/28/2015 1001

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.27 23:2709/02/2015

N-LF-42 (201509010606) Sampled on 08/28/2015 1855

EPA 200.7 - ICP Metals
9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.017 23:1209/02/2015

N-LF-43 (201509010607) Sampled on 08/28/2015 1938

EPA 200.7 - ICP Metals

Data Report - Page 5 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550962

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/01/2015 1203

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

9/2/2015  859532 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.018 23:1509/02/2015

Data Report - Page 6 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory

QC Summary: 550962

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref # 859530 - ICP Metals Analysis Date: 09/02/2015

N-LF-1 Analyzed by: NINA201509010562

N-LF-2 Analyzed by: NINA201509010563

N-LF-3 Analyzed by: NINA201509010564

N-LF-4 Analyzed by: NINA201509010565

N-LF-5 Analyzed by: NINA201509010566

N-LF-6 Analyzed by: NINA201509010567

N-LF-7 Analyzed by: NINA201509010568

N-LF-8 Analyzed by: NINA201509010569

QC Ref # 859531 - ICP Metals Analysis Date: 09/02/2015

N-LF-9 Analyzed by: NINA201509010570

N-LF-10 Analyzed by: NINA201509010571

N-LF-11 Analyzed by: NINA201509010572

N-LF-12 Analyzed by: NINA201509010573

N-LF-13 Analyzed by: NINA201509010574

N-LF-14 Analyzed by: NINA201509010575

N-LF-15 Analyzed by: NINA201509010576

N-LF-16 Analyzed by: NINA201509010577

N-LF-17 Analyzed by: NINA201509010578

N-LF-18 Analyzed by: NINA201509010579

N-LF-19 Analyzed by: NINA201509010580

N-LF-20 Analyzed by: NINA201509010581

N-LF-21 Analyzed by: NINA201509010582

N-LF-22 Analyzed by: NINA201509010583

N-LF-23 Analyzed by: NINA201509010584

N-LF-24 Analyzed by: NINA201509010585

N-LF-25 Analyzed by: NINA201509010586

N-LF-26 Analyzed by: NINA201509010587

N-LF-27 Analyzed by: NINA201509010588

N-LF-28 Analyzed by: NINA201509010589

QC Ref # 859532 - ICP Metals Analysis Date: 09/02/2015

N-LF-BKG1 Analyzed by: NINA201509010559

N-LF-BKG-2 Analyzed by: NINA201509010560

N-LF-29 Analyzed by: NINA201509010590

N-LF-30 Analyzed by: NINA201509010591

N-LF-31 Analyzed by: NINA201509010592

N-LF-32 Analyzed by: NINA201509010593

N-LF-33 Analyzed by: NINA201509010594

N-LF-34 Analyzed by: NINA201509010595

N-LF-35 Analyzed by: NINA201509010596

N-LF-36 Analyzed by: NINA201509010597

N-LF-37 Analyzed by: NINA201509010598

N-LF-38 Analyzed by: NINA201509010599

N-LF-39 Analyzed by: NINA201509010600

N-LF-40 Analyzed by: NINA201509010601

QC Summary - Page 1 of 2
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Laboratory

QC Summary: 550962

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

N-LF-41 Analyzed by: NINA201509010602

N-LF-DUPLICATE #7 Analyzed by: NINA201509010603

N-LF-DUPLICATE #13 Analyzed by: NINA201509010604

N-LF-DUPLICATE #18 Analyzed by: NINA201509010605

N-LF-42 Analyzed by: NINA201509010606

N-LF-43 Analyzed by: NINA201509010607

QC Ref # 859541 - ICP Metals Analysis Date: 09/02/2015

N-LF-BKG-3 Analyzed by: NINA201509010561

QC Summary - Page 2 of 2
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Laboratory QC

Report: 550962

City of Westminster

QC Type Analyte Spiked Limits (%)Recovered Units Yield (%)Native RPDLimit (%) RPD%

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref#  859530 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0197 mg/L 98 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0194 mg/L 97 (85-115) 1.520

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000905 mg/L 91 (50-150)

MS_201508260621 Lithium Total ICAP 0.2 0.210 mg/L 94 (70-130)0.021

MS_201508260579 Lithium Total ICAP 0.2 0.206 mg/L 96 (70-130)0.013

MSD_201508260621 Lithium Total ICAP 0.2 0.214 mg/L 97 (70-130) 2.40.021 20

MSD_201508260579 Lithium Total ICAP 0.2 0.209 mg/L 98 (70-130) 1.50.013 20

QC Ref#  859531 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0191 mg/L 96 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0190 mg/L 95 (85-115) 0.5320

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000882 mg/L 88 (50-150)

MS_201509010580 Lithium Total ICAP 0.2 0.416 mg/L 91 (70-130)0.23

MS_201509010570 Lithium Total ICAP 0.2 0.264 mg/L 89 (70-130)0.086

MSD_201509010570 Lithium Total ICAP 0.2 0.266 mg/L 90 (70-130) 0.760.086 20

MSD_201509010580 Lithium Total ICAP 0.2 0.416 mg/L 91 (70-130) 0.00.23 20

QC Ref#  859532 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0187 mg/L 94 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0192 mg/L 96 (85-115) 2.620

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000861 mg/L 86 (50-150)

MS_201509010600 Lithium Total ICAP 0.2 0.211 mg/L 93 (70-130)0.026

MS_201509010590 Lithium Total ICAP 0.2 0.269 mg/L 92 (70-130)0.084

MSD_201509010600 Lithium Total ICAP 0.2 0.212 mg/L 93 (70-130) 0.470.026 20

MSD_201509010590 Lithium Total ICAP 0.2 0.266 mg/L 91 (70-130) 1.10.084 20

QC Ref#  859541 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0192 mg/L 96 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0190 mg/L 95 (85-115) 1.120

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000886 mg/L 89 (50-150)

MS_201509010488 Lithium Total ICAP 0.02 0.0236 mg/L 101 (70-130)0.0035

MSD_201509010488 Lithium Total ICAP 0.02 0.0232 mg/L 98 (70-130) 1.70.0035 20

QC Report - Page 1 of 1

Spike recovery is already corrected for native results.

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.

Criteria for MS and Dup are advisory only, batch control is based on LCS.  Criteria for duplicates are  advisory only, unless otherwise specified in the method.

RPD not calculated for LCS2 when different a concentration than LCS1 is used.

RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).

(S) - Indicates surrogate compound.

 (I) - Indicates internal standard compound.
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DECEMBER 18, 2015  PAGE 117 OF 180 

Attachment B‐3 

South, High Raw Data 





SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 119 OF 180 

Table B‐3.1. Lithium Chloride Bottle Measurements 

Bottle #  Full Bottle Mass (g)  Empty Bottle Mass (g)  Lithium Chloride Mass (g) 

8  2654.49  158.11  2496.38 

9  2662.54  158.86  2503.68 

1  2654.52  159.42  2495.1 

11  1602.23  158.39  1443.84 

Average  2393.445  158.695  2234.75 

Total Weights (g)  9573.78  634.78  8939.00 

 

Table B‐3.2. Background Lithium Concentration 

Sample ID  Sample Result (mg/L) 

S‐HF‐BLG1  0.012 

S‐HF‐BLG2  0.013 

S‐HF‐BLG3  0.012 

Average  0.012 

 

Table B‐3.3. South Train, High Flow Tracer Test: Concentration and Recovery Results 

Sample No.   Time (t) (min)  t/HRT 
Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

S‐HF‐1  0  0.0000  0.014  0.002  0.000  0.000 

S‐HF‐2  6  0.0464  0.014  0.002  0.525  0.525 

S‐HF‐3  12  0.0927  0.014  0.002  0.525  1.050 

S‐HF‐4  18  0.1391  0.013  0.001  0.368  1.418 

S‐HF‐5  24  0.1855  0.014  0.002  0.368  1.786 

S‐HF‐6  30  0.2319  0.018  0.006  1.155  2.941 

S‐HF‐7  36  0.2782  0.079  0.067  11.397  14.339 

S‐HF‐8  39  0.3014  0.17  0.158  17.674  32.012 

S‐HF‐9  42  0.3246  0.29  0.278  34.297  66.310 

S‐HF‐10  45  0.3478  0.41  0.398  53.205  119.515 

S‐HF‐11  48  0.3710  0.48  0.468  68.174  187.689 

S‐HF‐12*  51  0.3942  0.52  0.508  76.840  264.530 

S‐HF‐13  54  0.4174  0.54  0.528  81.568  346.097 

S‐HF‐14  57  0.4406  0.52  0.508  81.568  427.665 

S‐HF‐15  60  0.4637  0.47  0.458  76.053  503.717 

S‐HF‐16  63  0.4869  0.42  0.408  68.174  571.892 

S‐HF‐17  66  0.5101  0.36  0.348  59.508  631.400 

S‐HF‐18  72  0.5565  0.26  0.248  93.805  725.205 



SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 120 OF 180

Table B‐3.3. South Train, High Flow Tracer Test: Concentration and Recovery Results 

Sample No.   Time (t) (min)  t/HRT 
Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

S‐HF‐19  78  0.6029  0.17  0.158  63.867  789.072 

S‐HF‐20*  84  0.6492  0.11  0.098  40.232  829.305 

S‐HF‐21  90  0.6956  0.080  0.068  26.051  855.356 

S‐HF‐22  96  0.7420  0.065  0.053  18.961  874.317 

S‐HF‐23  102  0.7884  0.059  0.047  15.652  889.968 

S‐HF‐24  108  0.8347  0.061  0.049  15.021  904.990 

S‐HF‐25*  114  0.8811  0.066  0.054  16.124  921.114 

S‐HF‐26  120  0.9275  0.071  0.059  17.700  938.814 

S‐HF‐27  126  0.9738  0.077  0.065  19.433  958.248 

S‐HF‐28  132  1.0202  0.083  0.071  21.324  979.572 

S‐HF‐29  145  1.1207  0.082  0.070  47.909  1027.481 

S‐HF‐30  158  1.2212  0.078  0.066  46.202  1073.683 

S‐HF‐31  171  1.3217  0.076  0.064  44.154  1117.837 

S‐HF‐32  184  1.4221  0.071  0.059  41.764  1159.602 

S‐HF‐33  197  1.5226  0.063  0.051  37.326  1196.928 

S‐HF‐34  210  1.6231  0.056  0.044  32.205  1229.133 

S‐HF‐35  223  1.7236  0.046  0.034  26.401  1255.534 

S‐HF‐36  236  1.8240  0.037  0.025  19.915  1275.449 

S‐HF‐37  249  1.9245  0.031  0.019  14.794  1290.243 

S‐HF‐38  262  2.0250  0.029  0.017  12.063  1302.305 

S‐HF‐39  288  2.2259  0.026  0.014  20.711  1323.017 

S‐HF‐40  314  2.4269  0.024  0.012  17.297  1340.314 

S‐HF‐41  340  2.6278  0.021  0.009  13.883  1354.198 

S‐HF‐42  366  2.8288  0.019  0.007  10.469  1364.667 

S‐HF‐43  392  3.0298  0.017  0.005  7.738  1372.405 

S‐HF‐44  418  3.2307  0.016  0.004  5.690  1378.095 

S‐HF‐45  444  3.4317  0.015  0.003  4.324  1382.420 

S‐HF‐46  470  3.6326  0.015  0.003  3.642  1386.061 

*A field duplicate was collected for this sample. 
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STATE CERTIFICATION LIST 
 

* NELAP/TNI Recognized Accreditation Bodies  

State Certification Number State Certification Number 

Alabama 41060 Mississippi Certified 

---------- -------- Montana Cert 0035 

Arizona AZ0778 Nebraska Certified 

Arkansas Certified Nevada CA00006-2015 

California-Monrovia- 
ELAP 

2813 New Hampshire * 2959 

California-Colton- ELAP 2812 New Jersey * CA 008 

California-Folsom- ELAP 2820 New Mexico Certified 

California-Fresno- ELAP 2966 New York * 11320 

Colorado Certified North Carolina 06701 

Connecticut PH-0107 North Dakota R-009 

Delaware CA 006 Oregon (Primary AB) *  ORELAP 4034 

Florida * E871024 Pennsylvania * 68-565 

Georgia 947 Rhode Island LAO00326 

Guam 15-003r South Carolina 87016 

Hawaii Certified South Dakota Certified 

Idaho Certified Tennessee TN02839 

Illinois * 200033 Texas * T104704230-14-7 

Indiana C-CA-01 Utah * CA000062015-8 

Kansas * E-10268 Vermont VT0114 

Kentucky 90107 Virginia * 460260 

Louisiana * LA150018 Washington C838 

Maine CA0006 West Virginia 9943 C 

Maryland 224 Wisconsin 998316660 

Commonwealth of 
Northern Marianas Is. 

MP0004 Wyoming 8TMS-L 

Massachusetts  M-CA006 EPA Region 5 Certified 

Michigan 9906 
Los Angeles County  
Sanitation Districts 

10264 
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ISO 17025 Accredited Method List

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

1,4-Dioxane EPA 522 x x Hexavalent Chromium EPA 218.7 x x

2,3,7,8-TCDD Modified EPA 1613B x x Hexavalent Chromium SM 3500-Cr B x

Acrylamide In House Method (2440) x x Hormones EPA 539 x x

Alkalinity SM 2320B x x x Hydroxide as OH Calc. SM 2330B x x

Ammonia EPA 350.1 x x Kjeldahl Nitrogen EPA 351.2 x

Ammonia SM 4500-NH3 H x x Legionella CDC Legionella x x

Anions and DBPs by IC EPA 300.0 x x x Mercury EPA 245.1 x x x

Anions and DBPs by IC EPA 300.1 x x Metals EPA 200.7 / 200.8 x x x

Asbestos EPA 100.2 x x Microcystin LR ELISA (2360) x x

Bicarbonate Alkalinity as 
HCO3

SM 2320B x x x NDMA EPA 521 x x

BOD / CBOD SM 5210B x x Nitrate/Nitrite Nitrogen EPA 353.2 x x x

Bromate In House Method (2447) x x OCL, Pesticides/PCB EPA 505 x x

Carbamates EPA 531.2 x x Ortho Phosphate EPA 365.1 x x x

Carbonate as CO3 SM 2330B x x x Ortho Phosphate SM 4500P E x
Carbonyls EPA 556 x x Ortho Phosphorous SM 4500P E x

COD EPA 410.4 / SM 5220D x
Oxyhalides Disinfection 
Byproducts

EPA 317.0 x x

Chloramines SM 4500-CL G x x x Perchlorate EPA 331.0 x x

Chlorinated Acids EPA 515.4 x x Perchlorate  (low and high) EPA 314.0 x x

Chlorinated Acids EPA 555 x x Perfluorinated Alkyl Acids EPA 537 x x

Chlorine Dioxide SM 4500-CLO2 D x x pH EPA 150.1 x
Chlorine -Total/Free/ 
Combined Residual

SM 4500-Cl G x x x pH SM 4500-H+B x x x

Conductivity EPA 120.1 x
Phenylurea Pesticides/ 
Herbicides

In House Method, based on EPA 
532 (2448)

x x

Conductivity SM 2510B x x x Pseudomonas IDEXX Pseudalert (2461) x x

Corrosivity (Langelier Index) SM 2330B x x Radium-226 GA Institute of Tech x x

Cryptosporidium EPA 1622, 1623 x x Radium-228 GA Institute of Tech x x

Cyanide, Amenable SM 4500-CN G x x Radon-222 SM 7500RN x x

Cyanide, Free SM 4500CN F x x x Residue, Filterable SM 2540C x x x

Cyanide, Total EPA 335.4 x x x Residue, Non-filterable SM 2540D x

Cyanogen Chloride 
(screen)

In House Method (2470) x x Residue, Total SM 2540B x x

Diquat and Paraquat EPA 549.2 x x Residue, Volatile EPA 160.4 x

DBP/HAA SM 6251B x x Semi-VOC EPA 525.2 x x

Dissolved Oxygen SM 4500-O G x x Semi-VOC EPA 625 x x

DOC SM 5310C x x Silica SM 4500-Si D x x

E. Coli (MTF/EC+MUG) x x Silica SM 4500-SiO2 C x x

E. Coli CFR 141.21(f)(6)(i) x x Sulfide SM 4500-S= D x

E. Coli SM 9223 x Sulfite SM 4500-SO3B x x x

E. Coli (Enumeration) SM 9221B.1/ SM 9221F x x Surfactants SM 5540C x x x

E. Coli (Enumeration) SM 9223B x x Taste and Odor Analytes SM 6040E x x

EDB/DCBP EPA 504.1 x Total Coliform (P/A) SM 9221 A, B x x

EDB/DBCP and DBP EPA 551.1 x x
Total Coliform 
(Enumeration)

SM 9221 A, B, C x x

EDTA and NTA In House Method (2454) x x Total Coliform / E. coli Colisure (2346) x x

Endothall EPA 548.1 x x Total Coliform SM 9221B x

Endothall In-house Method (2445) x x
Total Coliform with 
Chlorine Present

SM 9221B x

Enterococci SM 9230B x x
Total Coliform / E.coli (P/A 
and Enumeration)

SM 9223 x x

Fecal Coliform SM 9221 E (MTF/EC) x TOC SM 5310C x x x

Fecal Coliform SM 9221C, E (MTF/EC) x TOX SM 5320B x

Fecal Coliform 
(Enumeration)

SM 9221E (MTF/EC) x x Total Phenols EPA 420.1 x

Fecal Coliform with 
Chlorine Present

SM 9221E x Total Phenols EPA 420.4 x x x

Fecal Streptococci SM 9230B x x Total Phosphorous SM 4500 P E x

Fluoride SM 4500-F C x x x Turbidity EPA 180.1 x x x

Giardia EPA 1623 x x Turbidity SM 2130B x x

Glyphosate EPA 547 x x Uranium by ICP/MS EPA 200.8 x x

Gross Alpha/Beta EPA 900.0 x x x UV 254 SM 5910B x

Gross Alpha Coprecipitation SM 7110 C x x x VOC EPA 524.2/EPA 524.3 x x

Hardness SM 2340B x x x VOC EPA 624 x x

Heterotrophic Bacteria In House Method (2439) x x VOC EPA SW 846 8260 x x

Heterotrophic Bacteria SM 9215 B x x VOC In House Method (2411) x x

Hexavalent Chromium EPA 218.6 x x x Yeast and Mold SM 9610 x x

Version 001 Issued: 09/04/2015

The tests listed below are accredited and meet the requirements of ISO 17025 as verified by the ANSI‐ASQ National Accreditation Board/ANAB. 

Refer to Certificate and scope of accreditation (AT 1807) found at: http://www.eatonanalytical.com

750 Royal Oaks Dr., Ste 100, Monrovia, CA 91016 Tel (626) 386‐1100 Fax (626) 386‐1101 http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

550242

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on August 26, 2015 at 1049.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201508260578 08/24/2015 0758S-HF-BLG1

@ICP_SHORT_LIST

201508260579 08/24/2015 0758S-HF-BLG2

@ICP_SHORT_LIST

201508260580 08/24/2015 0758S-HF-BLG3

@ICP_SHORT_LIST

201508260581 08/24/2015 0800S-HF-1

@ICP_SHORT_LIST

201508260582 08/24/2015 0806S-HF-2

@ICP_SHORT_LIST

201508260583 08/24/2015 0812S-HF-3

@ICP_SHORT_LIST

201508260584 08/24/2015 0818S-HF-4

@ICP_SHORT_LIST

201508260585 08/24/2015 0824S-HF-5

@ICP_SHORT_LIST

201508260586 08/24/2015 0830S-HF-6

@ICP_SHORT_LIST

201508260587 08/24/2015 0836S-HF-7

@ICP_SHORT_LIST

201508260588 08/24/2015 0839S-HF-8

@ICP_SHORT_LIST

201508260589 08/24/2015 0842S-HF-9

@ICP_SHORT_LIST

201508260590 08/24/2015 0845S-HF-10

@ICP_SHORT_LIST
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Acknowledgement of Samples Received

WESTMINSTER-CO

550242

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on August 26, 2015 at 1049.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201508260591 08/24/2015 0848S-HF-11

@ICP_SHORT_LIST

201508260592 08/24/2015 0851S-HF-12

@ICP_SHORT_LIST

201508260593 08/24/2015 0854S-HF-13

@ICP_SHORT_LIST

201508260594 08/24/2015 0857S-HF-14

@ICP_SHORT_LIST

201508260595 08/24/2015 0900S-HF-15

@ICP_SHORT_LIST

201508260596 08/24/2015 0903S-HF-16

@ICP_SHORT_LIST

201508260597 08/24/2015 0906S-HF-17

@ICP_SHORT_LIST

201508260598 08/24/2015 0912S-HF-18

@ICP_SHORT_LIST

201508260599 08/24/2015 0918S-HF-19

@ICP_SHORT_LIST

201508260600 08/24/2015 0924S-HF-20

@ICP_SHORT_LIST

201508260601 08/24/2015 0930S-HF-21

@ICP_SHORT_LIST

201508260602 08/24/2015 0936S-HF-22

@ICP_SHORT_LIST

201508260603 08/24/2015 0942S-HF-23

@ICP_SHORT_LIST
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Acknowledgement of Samples Received

WESTMINSTER-CO

550242

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on August 26, 2015 at 1049.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201508260604 08/24/2015 0948S-HF-24

@ICP_SHORT_LIST

201508260605 08/24/2015 0954S-HF-25

@ICP_SHORT_LIST

201508260606 08/24/2015 1000S-HF-26

@ICP_SHORT_LIST

201508260607 08/24/2015 1006S-HF-27

@ICP_SHORT_LIST

201508260608 08/24/2015 1012S-HF-28

@ICP_SHORT_LIST

201508260609 08/24/2015 1025S-HF-29

@ICP_SHORT_LIST

201508260610 08/24/2015 1038S-HF-30

@ICP_SHORT_LIST

201508260611 08/24/2015 1051S-HF-31

@ICP_SHORT_LIST

201508260612 08/24/2015 1104S-HF-32

@ICP_SHORT_LIST

201508260613 08/24/2015 1117S-HF-33

@ICP_SHORT_LIST

201508260614 08/24/2015 1130S-HF-34

@ICP_SHORT_LIST

201508260615 08/24/2015 1143S-HF-35

@ICP_SHORT_LIST

201508260616 08/24/2015 1156S-HF-36

@ICP_SHORT_LIST
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Acknowledgement of Samples Received

WESTMINSTER-CO

550242

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on August 26, 2015 at 1049.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201508260617 08/24/2015 1209S-HF-37

@ICP_SHORT_LIST

201508260618 08/24/2015 1222S-HF-38

@ICP_SHORT_LIST

201508260619 08/24/2015 1248S-HF-39

@ICP_SHORT_LIST

201508260620 08/24/2015 1314S-HF-40

@ICP_SHORT_LIST

201508260621 08/24/2015 1340S-HF-41

@ICP_SHORT_LIST

201508260622 08/24/2015 1406S-HF-42

@ICP_SHORT_LIST

201508260623 08/24/2015 1432S-HF-43

@ICP_SHORT_LIST

201508260624 08/24/2015 1458S-HF-44

@ICP_SHORT_LIST

201508260625 08/24/2015 1524S-HF-45

@ICP_SHORT_LIST

201508260626 08/24/2015 1550S-HF-46

@ICP_SHORT_LIST

201508260627 08/24/2015 0851S-HF-DUPLICATE#12

@ICP_SHORT_LIST

201508260628 08/24/2015 0924S-HF-DUPLICATE#20

@ICP_SHORT_LIST

201508260629 08/24/2015 0954S-HF-DUPLICATE#25

@ICP_SHORT_LIST
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Acknowledgement of Samples Received

WESTMINSTER-CO

550242

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on August 26, 2015 at 1049.  They have been scheduled for the tests 

listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you for 

using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

@ICP_SHORT_LIST -- ICP Metals

Test Description

Reported:  09/16/2015 Page 5 of 5
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Laboratory Comments

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Comments - Page 1 of 1The Comments Report may be blank if there are no comments for this report.
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Laboratory Hits 

Report: 550242

Samples Received on:

08/26/2015 1049

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201508260578 S-HF-BLG1

09/02/2015 20:19 Lithium Total ICAP mg/L0.012 0.01

201508260579 S-HF-BLG2

09/02/2015 20:22 Lithium Total ICAP mg/L0.013 0.01

201508260580 S-HF-BLG3

09/02/2015 20:29 Lithium Total ICAP mg/L0.012 0.01

201508260581 S-HF-1

09/02/2015 17:12 Lithium Total ICAP mg/L0.014 0.01

201508260582 S-HF-2

09/02/2015 17:24 Lithium Total ICAP mg/L0.014 0.01

201508260583 S-HF-3

09/02/2015 17:26 Lithium Total ICAP mg/L0.014 0.01

201508260584 S-HF-4

09/02/2015 17:28 Lithium Total ICAP mg/L0.013 0.01

201508260585 S-HF-5

09/02/2015 17:30 Lithium Total ICAP mg/L0.014 0.01

201508260586 S-HF-6

09/02/2015 17:33 Lithium Total ICAP mg/L0.018 0.01

201508260587 S-HF-7

09/02/2015 17:35 Lithium Total ICAP mg/L0.079 0.01

201508260588 S-HF-8

09/02/2015 17:37 Lithium Total ICAP mg/L0.17 0.01

201508260589 S-HF-9

09/02/2015 17:40 Lithium Total ICAP mg/L0.29 0.01

201508260590 S-HF-10

09/02/2015 17:42 Lithium Total ICAP mg/L0.41 0.01

201508260591 S-HF-11

09/02/2015 17:44 Lithium Total ICAP mg/L0.48 0.01

201508260592 S-HF-12

09/02/2015 17:56 Lithium Total ICAP mg/L0.52 0.01

201508260593 S-HF-13

Hits Report - Page 1 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550242

Samples Received on:

08/26/2015 1049

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/02/2015 17:58 Lithium Total ICAP mg/L0.54 0.01

201508260594 S-HF-14

09/02/2015 18:01 Lithium Total ICAP mg/L0.52 0.01

201508260595 S-HF-15

09/02/2015 18:03 Lithium Total ICAP mg/L0.47 0.01

201508260596 S-HF-16

09/02/2015 18:05 Lithium Total ICAP mg/L0.42 0.01

201508260597 S-HF-17

09/02/2015 18:07 Lithium Total ICAP mg/L0.36 0.01

201508260598 S-HF-18

09/02/2015 18:10 Lithium Total ICAP mg/L0.26 0.01

201508260599 S-HF-19

09/02/2015 18:12 Lithium Total ICAP mg/L0.17 0.01

201508260600 S-HF-20

09/02/2015 18:19 Lithium Total ICAP mg/L0.11 0.01

201508260601 S-HF-21

09/02/2015 18:30 Lithium Total ICAP mg/L0.080 0.01

201508260602 S-HF-22

09/02/2015 18:37 Lithium Total ICAP mg/L0.065 0.01

201508260603 S-HF-23

09/02/2015 18:40 Lithium Total ICAP mg/L0.059 0.01

201508260604 S-HF-24

09/02/2015 18:47 Lithium Total ICAP mg/L0.061 0.01

201508260605 S-HF-25

09/02/2015 18:49 Lithium Total ICAP mg/L0.066 0.01

201508260606 S-HF-26

09/02/2015 18:51 Lithium Total ICAP mg/L0.071 0.01

201508260607 S-HF-27

09/02/2015 18:53 Lithium Total ICAP mg/L0.077 0.01

201508260608 S-HF-28

09/02/2015 18:56 Lithium Total ICAP mg/L0.083 0.01

Hits Report - Page 2 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550242

Samples Received on:

08/26/2015 1049

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201508260609 S-HF-29

09/02/2015 18:58 Lithium Total ICAP mg/L0.082 0.01

201508260610 S-HF-30

09/02/2015 19:00 Lithium Total ICAP mg/L0.078 0.01

201508260611 S-HF-31

09/02/2015 19:03 Lithium Total ICAP mg/L0.076 0.01

201508260612 S-HF-32

09/02/2015 19:14 Lithium Total ICAP mg/L0.071 0.01

201508260613 S-HF-33

09/02/2015 19:17 Lithium Total ICAP mg/L0.063 0.01

201508260614 S-HF-34

09/02/2015 19:19 Lithium Total ICAP mg/L0.056 0.01

201508260615 S-HF-35

09/02/2015 19:21 Lithium Total ICAP mg/L0.046 0.01

201508260616 S-HF-36

09/02/2015 19:24 Lithium Total ICAP mg/L0.037 0.01

201508260617 S-HF-37

09/02/2015 19:26 Lithium Total ICAP mg/L0.031 0.01

201508260618 S-HF-38

09/02/2015 19:28 Lithium Total ICAP mg/L0.029 0.01

201508260619 S-HF-39

09/02/2015 19:30 Lithium Total ICAP mg/L0.026 0.01

201508260620 S-HF-40

09/02/2015 19:33 Lithium Total ICAP mg/L0.024 0.01

201508260621 S-HF-41

09/02/2015 19:49 Lithium Total ICAP mg/L0.021 0.01

201508260622 S-HF-42

09/02/2015 19:56 Lithium Total ICAP mg/L0.019 0.01

201508260623 S-HF-43

09/02/2015 19:58 Lithium Total ICAP mg/L0.017 0.01

201508260624 S-HF-44

Hits Report - Page 3 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 550242

Samples Received on:

08/26/2015 1049

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/02/2015 20:01 Lithium Total ICAP mg/L0.016 0.01

201508260625 S-HF-45

09/02/2015 20:03 Lithium Total ICAP mg/L0.015 0.01

201508260626 S-HF-46

09/02/2015 20:10 Lithium Total ICAP mg/L0.015 0.01

201508260627 S-HF-DUPLICATE#12

09/02/2015 20:12 Lithium Total ICAP mg/L0.52 0.01

201508260628 S-HF-DUPLICATE#20

09/02/2015 20:15 Lithium Total ICAP mg/L0.057 0.01

201508260629 S-HF-DUPLICATE#25

09/02/2015 20:17 Lithium Total ICAP mg/L0.063 0.01

Hits Report - Page 4 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

S-HF-BLG1 (201508260578) Sampled on 08/24/2015 0758

EPA 200.7 - ICP Metals
8/27/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:1909/02/2015

S-HF-BLG2 (201508260579) Sampled on 08/24/2015 0758

EPA 200.7 - ICP Metals
8/27/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 20:2209/02/2015

S-HF-BLG3 (201508260580) Sampled on 08/24/2015 0758

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.012 20:2909/02/2015

S-HF-1 (201508260581) Sampled on 08/24/2015 0800

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:1209/02/2015

S-HF-2 (201508260582) Sampled on 08/24/2015 0806

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:2409/02/2015

S-HF-3 (201508260583) Sampled on 08/24/2015 0812

EPA 200.7 - ICP Metals
 859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:2609/02/2015

S-HF-4 (201508260584) Sampled on 08/24/2015 0818

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 17:2809/02/2015

S-HF-5 (201508260585) Sampled on 08/24/2015 0824

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:3009/02/2015

S-HF-6 (201508260586) Sampled on 08/24/2015 0830

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.018 17:3309/02/2015

S-HF-7 (201508260587) Sampled on 08/24/2015 0836

EPA 200.7 - ICP Metals

Data Report - Page 1 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

8/27/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.079 17:3509/02/2015

S-HF-8 (201508260588) Sampled on 08/24/2015 0839

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.17 17:3709/02/2015

S-HF-9 (201508260589) Sampled on 08/24/2015 0842

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.29 17:4009/02/2015

S-HF-10 (201508260590) Sampled on 08/24/2015 0845

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.41 17:4209/02/2015

S-HF-11 (201508260591) Sampled on 08/24/2015 0848

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.48 17:4409/02/2015

S-HF-12 (201508260592) Sampled on 08/24/2015 0851

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.52 17:5609/02/2015

S-HF-13 (201508260593) Sampled on 08/24/2015 0854

EPA 200.7 - ICP Metals
 859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.54 17:5809/02/2015

S-HF-14 (201508260594) Sampled on 08/24/2015 0857

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.52 18:0109/02/2015

S-HF-15 (201508260595) Sampled on 08/24/2015 0900

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.47 18:0309/02/2015

S-HF-16 (201508260596) Sampled on 08/24/2015 0903

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.42 18:0509/02/2015

S-HF-17 (201508260597) Sampled on 08/24/2015 0906

Data Report - Page 2 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.36 18:0709/02/2015

S-HF-18 (201508260598) Sampled on 08/24/2015 0912

EPA 200.7 - ICP Metals
8/27/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.26 18:1009/02/2015

S-HF-19 (201508260599) Sampled on 08/24/2015 0918

EPA 200.7 - ICP Metals
8/27/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.17 18:1209/02/2015

S-HF-20 (201508260600) Sampled on 08/24/2015 0924

EPA 200.7 - ICP Metals
8/28/2015  859528 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.11 18:1909/02/2015

S-HF-21 (201508260601) Sampled on 08/24/2015 0930

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.080 18:3009/02/2015

S-HF-22 (201508260602) Sampled on 08/24/2015 0936

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.065 18:3709/02/2015

S-HF-23 (201508260603) Sampled on 08/24/2015 0942

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.059 18:4009/02/2015

S-HF-24 (201508260604) Sampled on 08/24/2015 0948

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.061 18:4709/02/2015

S-HF-25 (201508260605) Sampled on 08/24/2015 0954

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.066 18:4909/02/2015

S-HF-26 (201508260606) Sampled on 08/24/2015 1000

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.071 18:5109/02/2015

S-HF-27 (201508260607) Sampled on 08/24/2015 1006

Data Report - Page 3 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
 859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.077 18:5309/02/2015

S-HF-28 (201508260608) Sampled on 08/24/2015 1012

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.083 18:5609/02/2015

S-HF-29 (201508260609) Sampled on 08/24/2015 1025

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.082 18:5809/02/2015

S-HF-30 (201508260610) Sampled on 08/24/2015 1038

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.078 19:0009/02/2015

S-HF-31 (201508260611) Sampled on 08/24/2015 1051

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.076 19:0309/02/2015

S-HF-32 (201508260612) Sampled on 08/24/2015 1104

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.071 19:1409/02/2015

S-HF-33 (201508260613) Sampled on 08/24/2015 1117

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.063 19:1709/02/2015

S-HF-34 (201508260614) Sampled on 08/24/2015 1130

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.056 19:1909/02/2015

S-HF-35 (201508260615) Sampled on 08/24/2015 1143

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.046 19:2109/02/2015

S-HF-36 (201508260616) Sampled on 08/24/2015 1156

EPA 200.7 - ICP Metals
8/27/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.037 19:2409/02/2015

Data Report - Page 4 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

S-HF-37 (201508260617) Sampled on 08/24/2015 1209

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.031 19:2609/02/2015

S-HF-38 (201508260618) Sampled on 08/24/2015 1222

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.029 19:2809/02/2015

S-HF-39 (201508260619) Sampled on 08/24/2015 1248

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.026 19:3009/02/2015

S-HF-40 (201508260620) Sampled on 08/24/2015 1314

EPA 200.7 - ICP Metals
8/28/2015  859529 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.024 19:3309/02/2015

S-HF-41 (201508260621) Sampled on 08/24/2015 1340

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.021 19:4909/02/2015

S-HF-42 (201508260622) Sampled on 08/24/2015 1406

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.019 19:5609/02/2015

S-HF-43 (201508260623) Sampled on 08/24/2015 1432

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.017 19:5809/02/2015

S-HF-44 (201508260624) Sampled on 08/24/2015 1458

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.016 20:0109/02/2015

S-HF-45 (201508260625) Sampled on 08/24/2015 1524

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.015 20:0309/02/2015

S-HF-46 (201508260626) Sampled on 08/24/2015 1550

EPA 200.7 - ICP Metals

Data Report - Page 5 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 550242

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

08/26/2015 1049

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.015 20:1009/02/2015

S-HF-DUPLICATE#12 (201508260627) Sampled on 08/24/2015 0851

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.52 20:1209/02/2015

S-HF-DUPLICATE#20 (201508260628) Sampled on 08/24/2015 0924

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.057 20:1509/02/2015

S-HF-DUPLICATE#25 (201508260629) Sampled on 08/24/2015 0954

EPA 200.7 - ICP Metals
8/28/2015  859530 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.063 20:1709/02/2015

Data Report - Page 6 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory

QC Summary: 550242

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref # 859528 - ICP Metals Analysis Date: 09/02/2015

S-HF-1 Analyzed by: NINA201508260581

S-HF-2 Analyzed by: NINA201508260582

S-HF-3 Analyzed by: NINA201508260583

S-HF-4 Analyzed by: NINA201508260584

S-HF-5 Analyzed by: NINA201508260585

S-HF-6 Analyzed by: NINA201508260586

S-HF-7 Analyzed by: NINA201508260587

S-HF-8 Analyzed by: NINA201508260588

S-HF-9 Analyzed by: NINA201508260589

S-HF-10 Analyzed by: NINA201508260590

S-HF-11 Analyzed by: NINA201508260591

S-HF-12 Analyzed by: NINA201508260592

S-HF-13 Analyzed by: NINA201508260593

S-HF-14 Analyzed by: NINA201508260594

S-HF-15 Analyzed by: NINA201508260595

S-HF-16 Analyzed by: NINA201508260596

S-HF-17 Analyzed by: NINA201508260597

S-HF-18 Analyzed by: NINA201508260598

S-HF-19 Analyzed by: NINA201508260599

S-HF-20 Analyzed by: NINA201508260600

QC Ref # 859529 - ICP Metals Analysis Date: 09/02/2015

S-HF-21 Analyzed by: NINA201508260601

S-HF-22 Analyzed by: NINA201508260602

S-HF-23 Analyzed by: NINA201508260603

S-HF-24 Analyzed by: NINA201508260604

S-HF-25 Analyzed by: NINA201508260605

S-HF-26 Analyzed by: NINA201508260606

S-HF-27 Analyzed by: NINA201508260607

S-HF-28 Analyzed by: NINA201508260608

S-HF-29 Analyzed by: NINA201508260609

S-HF-30 Analyzed by: NINA201508260610

S-HF-31 Analyzed by: NINA201508260611

S-HF-32 Analyzed by: NINA201508260612

S-HF-33 Analyzed by: NINA201508260613

S-HF-34 Analyzed by: NINA201508260614

S-HF-35 Analyzed by: NINA201508260615

S-HF-36 Analyzed by: NINA201508260616

S-HF-37 Analyzed by: NINA201508260617

S-HF-38 Analyzed by: NINA201508260618

S-HF-39 Analyzed by: NINA201508260619

S-HF-40 Analyzed by: NINA201508260620

QC Ref # 859530 - ICP Metals Analysis Date: 09/02/2015

S-HF-BLG1 Analyzed by: NINA201508260578

S-HF-BLG2 Analyzed by: NINA201508260579

QC Summary - Page 1 of 2
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Laboratory

QC Summary: 550242

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

S-HF-BLG3 Analyzed by: NINA201508260580

S-HF-41 Analyzed by: NINA201508260621

S-HF-42 Analyzed by: NINA201508260622

S-HF-43 Analyzed by: NINA201508260623

S-HF-44 Analyzed by: NINA201508260624

S-HF-45 Analyzed by: NINA201508260625

S-HF-46 Analyzed by: NINA201508260626

S-HF-DUPLICATE#12 Analyzed by: NINA201508260627

S-HF-DUPLICATE#20 Analyzed by: NINA201508260628

S-HF-DUPLICATE#25 Analyzed by: NINA201508260629

QC Summary - Page 2 of 2
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Laboratory QC

Report: 550242

City of Westminster

QC Type Analyte Spiked Limits (%)Recovered Units Yield (%)Native RPDLimit (%) RPD%

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref#  859528 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0200 mg/L 100 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0203 mg/L 101 (85-115) 1.520

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00103 mg/L 103 (50-150)

MS_201508260591 Lithium Total ICAP 0.2 0.664 mg/L 94 (70-130)0.48

MS_201508260581 Lithium Total ICAP 0.2 0.205 mg/L 95 (70-130)0.014

MSD_201508260581 Lithium Total ICAP 0.2 0.205 mg/L 96 (70-130) 0.00.014 20

MSD_201508260591 Lithium Total ICAP 0.2 0.661 mg/L 93 (70-130) 0.450.48 20

QC Ref#  859529 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0198 mg/L 99 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0201 mg/L 100 (85-115) 1.520

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000998 mg/L 100 (50-150)

MS_201508260601 Lithium Total ICAP 0.2 0.272 mg/L 96 (70-130)0.080

MS_201508260611 Lithium Total ICAP 0.2 0.264 mg/L 94 (70-130)0.076

MSD_201508260601 Lithium Total ICAP 0.2 0.272 mg/L 96 (70-130) 0.00.080 20

MSD_201508260611 Lithium Total ICAP 0.2 0.266 mg/L 95 (70-130) 0.760.076 20

QC Ref#  859530 - ICP Metals by EPA 200.7 Analysis Date: 09/02/2015

LCS1 Lithium Total ICAP 0.02 0.0197 mg/L 98 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0194 mg/L 97 (85-115) 1.520

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.000905 mg/L 91 (50-150)

MS_201508260621 Lithium Total ICAP 0.2 0.210 mg/L 94 (70-130)0.021

MS_201508260579 Lithium Total ICAP 0.2 0.206 mg/L 96 (70-130)0.013

MSD_201508260579 Lithium Total ICAP 0.2 0.209 mg/L 98 (70-130) 1.50.013 20

MSD_201508260621 Lithium Total ICAP 0.2 0.214 mg/L 97 (70-130) 2.40.021 20

QC Report - Page 1 of 1

Spike recovery is already corrected for native results.

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.

Criteria for MS and Dup are advisory only, batch control is based on LCS.  Criteria for duplicates are  advisory only, unless otherwise specified in the method.

RPD not calculated for LCS2 when different a concentration than LCS1 is used.

RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).

(S) - Indicates surrogate compound.

 (I) - Indicates internal standard compound.
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DECEMBER 18, 2015  PAGE 151 OF 180 

Attachment B‐4 

South, Low Raw Data 





SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 153 OF 180 

Table B‐4.1. Lithium Chloride Bottle Measurements 

Bottle #  Full Bottle Mass (g)  Empty Bottle Mass (g)  Lithium Chloride Mass (g) 

1  2688.13  161.7  2526.43 

2  2847.82  162.53  2685.29 

3  2661.21  161.92  2499.29 

4  1660.99  157.61  1503.38 

Average  2464.5375  160.94  2303.5975 

Total Weight (g)  9858.15  643.76  9214.39 

 

Table B‐4.2. Background Lithium Concentration 

Sample ID  Sample Result (mg/L) 

S‐LF‐BKG1  0.014 

S‐LF‐BKG2  0.013 

S‐LF‐BKG3  0.014 

Average  0.014 

 

Table B‐4.3. South Train, Low Flow Tracer Test: Concentration and Recovery Results 

Sample No.   Time (t) (min)  t/HRT 
Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

S‐LF‐1  0  0.0000  0.014  0.000  0.000  0.000 

S‐LF‐2  11  0.0512  0.014  0.000  0.116  0.116 

S‐LF‐3*  22  0.1023  0.013  ‐0.001  ‐0.058  0.058 

S‐LF‐4  33  0.1535  0.013  ‐0.001  ‐0.232  ‐0.174 

S‐LF‐5  44  0.2047  0.015  0.001  0.116  ‐0.058 

S‐LF‐6  55  0.2558  0.033  0.019  3.593  3.535 

S‐LF‐7  59  0.2744  0.044  0.030  3.140  6.675 

S‐LF‐8  65  0.3023  0.065  0.051  7.744  14.419 

S‐LF‐9  70  0.3256  0.10  0.086  10.879  25.298 

S‐LF‐10  75  0.3489  0.14  0.126  16.805  42.103 

S‐LF‐11  80  0.3721  0.19  0.176  23.917  66.020 

S‐LF‐12  85  0.3954  0.22  0.206  30.239  96.259 

S‐LF‐13*  90  0.4186  0.24  0.226  34.190  130.450 

S‐LF‐14  95  0.4419  0.26  0.246  37.351  167.801 

S‐LF‐15  100  0.4651  0.28  0.266  40.512  208.313 

S‐LF‐16  105  0.4884  0.30  0.286  43.673  251.986 

S‐LF‐17  110  0.5117  0.32  0.306  46.834  298.819 

S‐LF‐18*  121  0.5628  0.34  0.326  109.988  408.808 

S‐LF‐19  132  0.6140  0.32  0.306  109.988  518.796 



SEMPER WATER TREATMENT FACILITY SUMMARY OF TRACER STUDY RESULTS 

DECEMBER 18, 2015  PAGE 154 OF 180 

Table B‐4.3. South Train, Low Flow Tracer Test: Concentration and Recovery Results 

Sample No.   Time (t) (min)  t/HRT 
Lab Results 
(mg/L) 

Normalized 
Concentration (mg/L) 

Incremental 
Recovery (g) 

Cumulative 
Recovery (g) 

S‐LF‐20  143  0.6651  0.28  0.266  99.557  618.353 

S‐LF‐21  154  0.7163  0.24  0.226  85.649  704.003 

S‐LF‐22  165  0.7675  0.20  0.186  71.742  775.744 

S‐LF‐23  177  0.8233  0.16  0.146  63.091  838.835 

S‐LF‐24  187  0.8698  0.14  0.126  43.093  881.929 

S‐LF‐25  198  0.9210  0.12  0.106  40.449  922.378 

S‐LF‐26  209  0.9721  0.10  0.086  33.495  955.872 

S‐LF‐27  220  1.0233  0.094  0.080  28.975  984.847 

S‐LF‐28  242  1.1256  0.086  0.072  53.082  1037.929 

S‐LF‐29  265  1.2326  0.076  0.062  48.952  1086.881 

S‐LF‐30  286  1.3303  0.070  0.056  39.385  1126.265 

S‐LF‐31  308  1.4326  0.068  0.054  38.478  1164.744 

S‐LF‐32  330  1.5350  0.060  0.046  35.002  1199.745 

S‐LF‐33  352  1.6373  0.051  0.037  29.091  1228.836 

S‐LF‐34  374  1.7396  0.047  0.033  24.571  1253.406 

S‐LF‐35  396  1.8420  0.044  0.030  22.137  1275.543 

S‐LF‐36  419  1.9489  0.040  0.026  20.598  1296.142 

S‐LF‐37  440  2.0466  0.037  0.023  16.484  1312.626 

S‐LF‐38  483  2.2466  0.035  0.021  30.355  1342.981 

S‐LF‐39  526  2.4466  0.028  0.014  24.239  1367.219 

S‐LF‐40  569  2.6466  0.024  0.010  16.763  1383.983 

S‐LF‐41  612  2.8467  0.020  0.006  11.327  1395.309 

S‐LF‐42  655  3.0467  0.018  0.004  7.249  1402.558 

S‐LF‐43  698  3.2467  0.018  0.004  5.890  1408.448 

*A field duplicate was collected for this sample. 
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STATE CERTIFICATION LIST 
 

* NELAP/TNI Recognized Accreditation Bodies  

State Certification Number State Certification Number 

Alabama 41060 Mississippi Certified 

---------- -------- Montana Cert 0035 

Arizona AZ0778 Nebraska Certified 

Arkansas Certified Nevada CA00006-2015 

California-Monrovia- 
ELAP 

2813 New Hampshire * 2959 

California-Colton- ELAP 2812 New Jersey * CA 008 

California-Folsom- ELAP 2820 New Mexico Certified 

California-Fresno- ELAP 2966 New York * 11320 

Colorado Certified North Carolina 06701 

Connecticut PH-0107 North Dakota R-009 

Delaware CA 006 Oregon (Primary AB) *  ORELAP 4034 

Florida * E871024 Pennsylvania * 68-565 

Georgia 947 Rhode Island LAO00326 

Guam 15-003r South Carolina 87016 

Hawaii Certified South Dakota Certified 

Idaho Certified Tennessee TN02839 

Illinois * 200033 Texas * T104704230-14-7 

Indiana C-CA-01 Utah * CA000062015-8 

Kansas * E-10268 Vermont VT0114 

Kentucky 90107 Virginia * 460260 

Louisiana * LA150018 Washington C838 

Maine CA0006 West Virginia 9943 C 

Maryland 224 Wisconsin 998316660 

Commonwealth of 
Northern Marianas Is. 

MP0004 Wyoming 8TMS-L 

Massachusetts  M-CA006 EPA Region 5 Certified 

Michigan 9906 
Los Angeles County  
Sanitation Districts 

10264 
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ISO 17025 Accredited Method List

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

SPECIFIC TESTS 
 METHOD OR 

TECHNIQUE USED

Environ-
mental 

(Drinking 
Water)

Environ-
mental 
(Waste 
Water)

Water as a 
Component of 

Food and 
Bev/Bev/ 

Bottled Water

1,4-Dioxane EPA 522 x x Hexavalent Chromium EPA 218.7 x x

2,3,7,8-TCDD Modified EPA 1613B x x Hexavalent Chromium SM 3500-Cr B x

Acrylamide In House Method (2440) x x Hormones EPA 539 x x

Alkalinity SM 2320B x x x Hydroxide as OH Calc. SM 2330B x x

Ammonia EPA 350.1 x x Kjeldahl Nitrogen EPA 351.2 x

Ammonia SM 4500-NH3 H x x Legionella CDC Legionella x x

Anions and DBPs by IC EPA 300.0 x x x Mercury EPA 245.1 x x x

Anions and DBPs by IC EPA 300.1 x x Metals EPA 200.7 / 200.8 x x x

Asbestos EPA 100.2 x x Microcystin LR ELISA (2360) x x

Bicarbonate Alkalinity as 
HCO3

SM 2320B x x x NDMA EPA 521 x x

BOD / CBOD SM 5210B x x Nitrate/Nitrite Nitrogen EPA 353.2 x x x

Bromate In House Method (2447) x x OCL, Pesticides/PCB EPA 505 x x

Carbamates EPA 531.2 x x Ortho Phosphate EPA 365.1 x x x

Carbonate as CO3 SM 2330B x x x Ortho Phosphate SM 4500P E x
Carbonyls EPA 556 x x Ortho Phosphorous SM 4500P E x

COD EPA 410.4 / SM 5220D x
Oxyhalides Disinfection 
Byproducts

EPA 317.0 x x

Chloramines SM 4500-CL G x x x Perchlorate EPA 331.0 x x

Chlorinated Acids EPA 515.4 x x Perchlorate  (low and high) EPA 314.0 x x

Chlorinated Acids EPA 555 x x Perfluorinated Alkyl Acids EPA 537 x x

Chlorine Dioxide SM 4500-CLO2 D x x pH EPA 150.1 x
Chlorine -Total/Free/ 
Combined Residual

SM 4500-Cl G x x x pH SM 4500-H+B x x x

Conductivity EPA 120.1 x
Phenylurea Pesticides/ 
Herbicides

In House Method, based on EPA 
532 (2448)

x x

Conductivity SM 2510B x x x Pseudomonas IDEXX Pseudalert (2461) x x

Corrosivity (Langelier Index) SM 2330B x x Radium-226 GA Institute of Tech x x

Cryptosporidium EPA 1622, 1623 x x Radium-228 GA Institute of Tech x x

Cyanide, Amenable SM 4500-CN G x x Radon-222 SM 7500RN x x

Cyanide, Free SM 4500CN F x x x Residue, Filterable SM 2540C x x x

Cyanide, Total EPA 335.4 x x x Residue, Non-filterable SM 2540D x

Cyanogen Chloride 
(screen)

In House Method (2470) x x Residue, Total SM 2540B x x

Diquat and Paraquat EPA 549.2 x x Residue, Volatile EPA 160.4 x

DBP/HAA SM 6251B x x Semi-VOC EPA 525.2 x x

Dissolved Oxygen SM 4500-O G x x Semi-VOC EPA 625 x x

DOC SM 5310C x x Silica SM 4500-Si D x x

E. Coli (MTF/EC+MUG) x x Silica SM 4500-SiO2 C x x

E. Coli CFR 141.21(f)(6)(i) x x Sulfide SM 4500-S= D x

E. Coli SM 9223 x Sulfite SM 4500-SO3B x x x

E. Coli (Enumeration) SM 9221B.1/ SM 9221F x x Surfactants SM 5540C x x x

E. Coli (Enumeration) SM 9223B x x Taste and Odor Analytes SM 6040E x x

EDB/DCBP EPA 504.1 x Total Coliform (P/A) SM 9221 A, B x x

EDB/DBCP and DBP EPA 551.1 x x
Total Coliform 
(Enumeration)

SM 9221 A, B, C x x

EDTA and NTA In House Method (2454) x x Total Coliform / E. coli Colisure (2346) x x

Endothall EPA 548.1 x x Total Coliform SM 9221B x

Endothall In-house Method (2445) x x
Total Coliform with 
Chlorine Present

SM 9221B x

Enterococci SM 9230B x x
Total Coliform / E.coli (P/A 
and Enumeration)

SM 9223 x x

Fecal Coliform SM 9221 E (MTF/EC) x TOC SM 5310C x x x

Fecal Coliform SM 9221C, E (MTF/EC) x TOX SM 5320B x

Fecal Coliform 
(Enumeration)

SM 9221E (MTF/EC) x x Total Phenols EPA 420.1 x

Fecal Coliform with 
Chlorine Present

SM 9221E x Total Phenols EPA 420.4 x x x

Fecal Streptococci SM 9230B x x Total Phosphorous SM 4500 P E x

Fluoride SM 4500-F C x x x Turbidity EPA 180.1 x x x

Giardia EPA 1623 x x Turbidity SM 2130B x x

Glyphosate EPA 547 x x Uranium by ICP/MS EPA 200.8 x x

Gross Alpha/Beta EPA 900.0 x x x UV 254 SM 5910B x

Gross Alpha Coprecipitation SM 7110 C x x x VOC EPA 524.2/EPA 524.3 x x

Hardness SM 2340B x x x VOC EPA 624 x x

Heterotrophic Bacteria In House Method (2439) x x VOC EPA SW 846 8260 x x

Heterotrophic Bacteria SM 9215 B x x VOC In House Method (2411) x x

Hexavalent Chromium EPA 218.6 x x x Yeast and Mold SM 9610 x x

Version 001 Issued: 09/04/2015

The tests listed below are accredited and meet the requirements of ISO 17025 as verified by the ANSI‐ASQ National Accreditation Board/ANAB. 

Refer to Certificate and scope of accreditation (AT 1807) found at: http://www.eatonanalytical.com

750 Royal Oaks Dr., Ste 100, Monrovia, CA 91016 Tel (626) 386‐1100 Fax (626) 386‐1101 http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

552378

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 10, 2015 at 1100.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509100598 09/04/2015 0750S-LF-BKG1

@ICP_SHORT_LIST

201509100599 09/04/2015 0750S-LF-BKG2

@ICP_SHORT_LIST

201509100600 09/04/2015 0750S-LF-BKG3

@ICP_SHORT_LIST

201509100601 09/04/2015 0800S-LF-1

@ICP_SHORT_LIST

201509100602 09/04/2015 0811S-LF-2

@ICP_SHORT_LIST

201509100603 09/04/2015 0822S-LF-3

@ICP_SHORT_LIST

201509100604 09/04/2015 0833S-LF-4

@ICP_SHORT_LIST

201509100605 09/04/2015 0844S-LF-5

@ICP_SHORT_LIST

201509100606 09/04/2015 0855S-LF-6

@ICP_SHORT_LIST

201509100607 09/04/2015 0859S-LF-7

@ICP_SHORT_LIST

201509100608 09/04/2015 0905S-LF-8

@ICP_SHORT_LIST

201509100609 09/04/2015 0910S-LF-9

@ICP_SHORT_LIST

201509100610 09/04/2015 0915S-LF-10

@ICP_SHORT_LIST

Reported:  09/24/2015 Page 1 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com

Page 4 of 26 pages



Acknowledgement of Samples Received

WESTMINSTER-CO

552378

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 10, 2015 at 1100.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509100611 09/04/2015 0920S-LF-11

@ICP_SHORT_LIST

201509100612 09/04/2015 0925S-LF-12

@ICP_SHORT_LIST

201509100613 09/04/2015 0930S-LF-13

@ICP_SHORT_LIST

201509100614 09/04/2015 0935S-LF-14

@ICP_SHORT_LIST

201509100615 09/04/2015 0940S-LF-15

@ICP_SHORT_LIST

201509100616 09/04/2015 0945S-LF-16

@ICP_SHORT_LIST

201509100617 09/04/2015 0950S-LF-17

@ICP_SHORT_LIST

201509100618 09/04/2015 1001S-LF-18

@ICP_SHORT_LIST

201509100619 09/04/2015 1012S-LF-19

@ICP_SHORT_LIST

201509100620 09/04/2015 1023S-LF-20

@ICP_SHORT_LIST

201509100621 09/04/2015 1034S-LF-21

@ICP_SHORT_LIST

201509100622 09/04/2015 1045S-LF-22

@ICP_SHORT_LIST

201509100623 09/04/2015 1057S-LF-23

@ICP_SHORT_LIST

Reported:  09/24/2015 Page 2 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

552378

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 10, 2015 at 1100.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509100624 09/04/2015 1107S-LF-24

@ICP_SHORT_LIST

201509100625 09/04/2015 1118S-LF-25

@ICP_SHORT_LIST

201509100626 09/04/2015 1129S-LF-26

@ICP_SHORT_LIST

201509100627 09/04/2015 1140S-LF-27

@ICP_SHORT_LIST

201509100628 09/04/2015 1202S-LF-28

@ICP_SHORT_LIST

201509100629 09/04/2015 1225S-LF-29

@ICP_SHORT_LIST

201509100630 09/04/2015 1246S-LF-30

@ICP_SHORT_LIST

201509100631 09/04/2015 1308S-LF-31

@ICP_SHORT_LIST

201509100632 09/04/2015 1330S-LF-32

@ICP_SHORT_LIST

201509100633 09/04/2015 1352S-LF-33

@ICP_SHORT_LIST

201509100634 09/04/2015 1414S-LF-34

@ICP_SHORT_LIST

201509100635 09/04/2015 1436S-LF-35

@ICP_SHORT_LIST

201509100636 09/04/2015 1459S-LF-36

@ICP_SHORT_LIST

Reported:  09/24/2015 Page 3 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Acknowledgement of Samples Received

WESTMINSTER-CO

552378

CT-TRACER-STUDY

Lithium Study

Client ID:

Folder #:

Project:

Sample Group:

Addr: City of Westminster

8900 Pierce Street

Westminster, CO  80021

Project Manager:

Phone:

Shea Greiner

(720) 491-1749

Attn:

Phone:

Cathy Shugarts

303-658-2461

The following samples were received from you on September 10, 2015 at 1100.  They have been scheduled for the 

tests listed below each sample.  If this information is incorrect, please contact your service representative.  Thank you 

for using Eurofins Eaton Analytical.

Sample # Sample ID Sample Date

201509100637 09/04/2015 1520S-LF-37

@ICP_SHORT_LIST

201509100638 09/04/2015 1603S-LF-38

@ICP_SHORT_LIST

201509100639 09/04/2015 1646S-LF-39

@ICP_SHORT_LIST

201509100640 09/04/2015 1729S-LF-40

@ICP_SHORT_LIST

201509100641 09/04/2015 1812S-LF-41

@ICP_SHORT_LIST

201509100642 09/04/2015 0859S-LF-DUPLICATE #7

@ICP_SHORT_LIST

201509100643 09/04/2015 0930S-LF-DUPLICATE #13

@ICP_SHORT_LIST

201509100644 09/04/2015 1001S-LF-DUPLICATE #18

@ICP_SHORT_LIST

201509100645 09/04/2015 1855S-LF-42

@ICP_SHORT_LIST

201509100646 09/04/2015 1938S-LF-43

@ICP_SHORT_LIST

@ICP_SHORT_LIST -- ICP Metals

Test Description

Reported:  09/24/2015 Page 4 of 4

750 Royal Oaks Drive, Suite 100, Monrovia, CA 91016  Tel (626) 386-1100  Fax (626) 386-1101  http://www.EatonAnalytical.com
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Laboratory Comments

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Comments - Page 1 of 1The Comments Report may be blank if there are no comments for this report.

Page 13 of 26 pages



Laboratory Hits 

Report: 552378

Samples Received on:

09/10/2015 1100

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201509100598 S-LF-BKG1

09/17/2015 17:08 Lithium Total ICAP mg/L0.014 0.01

201509100599 S-LF-BKG2

09/17/2015 17:11 Lithium Total ICAP mg/L0.013 0.01

201509100600 S-LF-BKG3

09/17/2015 17:13 Lithium Total ICAP mg/L0.014 0.01

201509100601 S-LF-1

09/17/2015 17:36 Lithium Total ICAP mg/L0.014 0.01

201509100602 S-LF-2

09/17/2015 17:43 Lithium Total ICAP mg/L0.014 0.01

201509100603 S-LF-3

09/17/2015 17:45 Lithium Total ICAP mg/L0.013 0.01

201509100604 S-LF-4

09/17/2015 17:52 Lithium Total ICAP mg/L0.013 0.01

201509100605 S-LF-5

09/17/2015 17:54 Lithium Total ICAP mg/L0.015 0.01

201509100606 S-LF-6

09/17/2015 17:57 Lithium Total ICAP mg/L0.033 0.01

201509100607 S-LF-7

09/17/2015 17:59 Lithium Total ICAP mg/L0.044 0.01

201509100608 S-LF-8

09/17/2015 18:01 Lithium Total ICAP mg/L0.065 0.01

201509100609 S-LF-9

09/17/2015 18:04 Lithium Total ICAP mg/L0.10 0.01

201509100610 S-LF-10

09/17/2015 18:06 Lithium Total ICAP mg/L0.14 0.01

201509100611 S-LF-11

09/17/2015 18:08 Lithium Total ICAP mg/L0.19 0.01

201509100612 S-LF-12

09/17/2015 18:20 Lithium Total ICAP mg/L0.22 0.01

201509100613 S-LF-13

Hits Report - Page 1 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 552378

Samples Received on:

09/10/2015 1100

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/17/2015 18:23 Lithium Total ICAP mg/L0.24 0.01

201509100614 S-LF-14

09/17/2015 18:25 Lithium Total ICAP mg/L0.26 0.01

201509100615 S-LF-15

09/17/2015 18:27 Lithium Total ICAP mg/L0.28 0.01

201509100616 S-LF-16

09/17/2015 18:30 Lithium Total ICAP mg/L0.30 0.01

201509100617 S-LF-17

09/17/2015 18:32 Lithium Total ICAP mg/L0.32 0.01

201509100618 S-LF-18

09/17/2015 18:34 Lithium Total ICAP mg/L0.34 0.01

201509100619 S-LF-19

09/17/2015 18:37 Lithium Total ICAP mg/L0.32 0.01

201509100620 S-LF-20

09/17/2015 18:39 Lithium Total ICAP mg/L0.28 0.01

201509100621 S-LF-21

09/17/2015 18:55 Lithium Total ICAP mg/L0.24 0.01

201509100622 S-LF-22

09/17/2015 19:02 Lithium Total ICAP mg/L0.20 0.01

201509100623 S-LF-23

09/17/2015 19:05 Lithium Total ICAP mg/L0.16 0.01

201509100624 S-LF-24

09/17/2015 19:07 Lithium Total ICAP mg/L0.14 0.01

201509100625 S-LF-25

09/17/2015 19:09 Lithium Total ICAP mg/L0.12 0.01

201509100626 S-LF-26

09/17/2015 19:16 Lithium Total ICAP mg/L0.10 0.01

201509100627 S-LF-27

09/17/2015 19:18 Lithium Total ICAP mg/L0.094 0.01

201509100628 S-LF-28

09/17/2015 19:21 Lithium Total ICAP mg/L0.086 0.01

Hits Report - Page 2 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 552378

Samples Received on:

09/10/2015 1100

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

201509100629 S-LF-29

09/17/2015 19:23 Lithium Total ICAP mg/L0.076 0.01

201509100630 S-LF-30

09/17/2015 19:25 Lithium Total ICAP mg/L0.070 0.01

201509100631 S-LF-31

09/17/2015 19:28 Lithium Total ICAP mg/L0.068 0.01

201509100632 S-LF-32

09/17/2015 19:35 Lithium Total ICAP mg/L0.060 0.01

201509100633 S-LF-33

09/17/2015 19:37 Lithium Total ICAP mg/L0.051 0.01

201509100634 S-LF-34

09/17/2015 19:44 Lithium Total ICAP mg/L0.047 0.01

201509100635 S-LF-35

09/17/2015 19:46 Lithium Total ICAP mg/L0.044 0.01

201509100636 S-LF-36

09/17/2015 19:48 Lithium Total ICAP mg/L0.040 0.01

201509100637 S-LF-37

09/17/2015 19:51 Lithium Total ICAP mg/L0.037 0.01

201509100638 S-LF-38

09/17/2015 19:53 Lithium Total ICAP mg/L0.035 0.01

201509100639 S-LF-39

09/17/2015 19:55 Lithium Total ICAP mg/L0.028 0.01

201509100640 S-LF-40

09/17/2015 19:58 Lithium Total ICAP mg/L0.024 0.01

201509100641 S-LF-41

09/17/2015 17:01 Lithium Total ICAP mg/L0.020 0.01

201509100642 S-LF-DUPLICATE #7

09/17/2015 17:15 Lithium Total ICAP mg/L0.044 0.01

201509100643 S-LF-DUPLICATE #13

09/17/2015 17:17 Lithium Total ICAP mg/L0.25 0.01

201509100644 S-LF-DUPLICATE #18

Hits Report - Page 3 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Hits 

Report: 552378

Samples Received on:

09/10/2015 1100

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Analyzed Analyte Result Units MRLFederal MCLSample ID

09/17/2015 17:24 Lithium Total ICAP mg/L0.33 0.01

201509100645 S-LF-42

09/17/2015 17:04 Lithium Total ICAP mg/L0.018 0.01

201509100646 S-LF-43

09/17/2015 17:06 Lithium Total ICAP mg/L0.018 0.01

Hits Report - Page 4 of 4SUMMARY OF POSITIVE DATA ONLY
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Laboratory Data 

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

S-LF-BKG1 (201509100598) Sampled on 09/04/2015 0750

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:0809/17/2015

S-LF-BKG2 (201509100599) Sampled on 09/04/2015 0750

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 17:1109/17/2015

S-LF-BKG3 (201509100600) Sampled on 09/04/2015 0750

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:1309/17/2015

S-LF-1 (201509100601) Sampled on 09/04/2015 0800

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:3609/17/2015

S-LF-2 (201509100602) Sampled on 09/04/2015 0811

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.014 17:4309/17/2015

S-LF-3 (201509100603) Sampled on 09/04/2015 0822

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 17:4509/17/2015

S-LF-4 (201509100604) Sampled on 09/04/2015 0833

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.013 17:5209/17/2015

S-LF-5 (201509100605) Sampled on 09/04/2015 0844

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.015 17:5409/17/2015

S-LF-6 (201509100606) Sampled on 09/04/2015 0855

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.033 17:5709/17/2015

S-LF-7 (201509100607) Sampled on 09/04/2015 0859

EPA 200.7 - ICP Metals

Data Report - Page 1 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.044 17:5909/17/2015

S-LF-8 (201509100608) Sampled on 09/04/2015 0905

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.065 18:0109/17/2015

S-LF-9 (201509100609) Sampled on 09/04/2015 0910

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.10 18:0409/17/2015

S-LF-10 (201509100610) Sampled on 09/04/2015 0915

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.14 18:0609/17/2015

S-LF-11 (201509100611) Sampled on 09/04/2015 0920

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.19 18:0809/17/2015

S-LF-12 (201509100612) Sampled on 09/04/2015 0925

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.22 18:2009/17/2015

S-LF-13 (201509100613) Sampled on 09/04/2015 0930

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.24 18:2309/17/2015

S-LF-14 (201509100614) Sampled on 09/04/2015 0935

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.26 18:2509/17/2015

S-LF-15 (201509100615) Sampled on 09/04/2015 0940

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.28 18:2709/17/2015

S-LF-16 (201509100616) Sampled on 09/04/2015 0945

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.30 18:3009/17/2015

S-LF-17 (201509100617) Sampled on 09/04/2015 0950

Data Report - Page 2 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.32 18:3209/17/2015

S-LF-18 (201509100618) Sampled on 09/04/2015 1001

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.34 18:3409/17/2015

S-LF-19 (201509100619) Sampled on 09/04/2015 1012

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.32 18:3709/17/2015

S-LF-20 (201509100620) Sampled on 09/04/2015 1023

EPA 200.7 - ICP Metals
9/11/2015  862479 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.28 18:3909/17/2015

S-LF-21 (201509100621) Sampled on 09/04/2015 1034

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.24 18:5509/17/2015

S-LF-22 (201509100622) Sampled on 09/04/2015 1045

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.20 19:0209/17/2015

S-LF-23 (201509100623) Sampled on 09/04/2015 1057

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.16 19:0509/17/2015

S-LF-24 (201509100624) Sampled on 09/04/2015 1107

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.14 19:0709/17/2015

S-LF-25 (201509100625) Sampled on 09/04/2015 1118

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.12 19:0909/17/2015

S-LF-26 (201509100626) Sampled on 09/04/2015 1129

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.10 19:1609/17/2015

S-LF-27 (201509100627) Sampled on 09/04/2015 1140

Data Report - Page 3 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.094 19:1809/17/2015

S-LF-28 (201509100628) Sampled on 09/04/2015 1202

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.086 19:2109/17/2015

S-LF-29 (201509100629) Sampled on 09/04/2015 1225

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.076 19:2309/17/2015

S-LF-30 (201509100630) Sampled on 09/04/2015 1246

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.070 19:2509/17/2015

S-LF-31 (201509100631) Sampled on 09/04/2015 1308

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.068 19:2809/17/2015

S-LF-32 (201509100632) Sampled on 09/04/2015 1330

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.060 19:3509/17/2015

S-LF-33 (201509100633) Sampled on 09/04/2015 1352

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.051 19:3709/17/2015

S-LF-34 (201509100634) Sampled on 09/04/2015 1414

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.047 19:4409/17/2015

S-LF-35 (201509100635) Sampled on 09/04/2015 1436

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.044 19:4609/17/2015

S-LF-36 (201509100636) Sampled on 09/04/2015 1459

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.040 19:4809/17/2015

Data Report - Page 4 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

S-LF-37 (201509100637) Sampled on 09/04/2015 1520

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.037 19:5109/17/2015

S-LF-38 (201509100638) Sampled on 09/04/2015 1603

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.035 19:5309/17/2015

S-LF-39 (201509100639) Sampled on 09/04/2015 1646

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.028 19:5509/17/2015

S-LF-40 (201509100640) Sampled on 09/04/2015 1729

EPA 200.7 - ICP Metals
9/11/2015  862480 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.024 19:5809/17/2015

S-LF-41 (201509100641) Sampled on 09/04/2015 1812

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.020 17:0109/17/2015

S-LF-DUPLICATE #7 (201509100642) Sampled on 09/04/2015 0859

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.044 17:1509/17/2015

S-LF-DUPLICATE #13 (201509100643) Sampled on 09/04/2015 0930

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.25 17:1709/17/2015

S-LF-DUPLICATE #18 (201509100644) Sampled on 09/04/2015 1001

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.33 17:2409/17/2015

S-LF-42 (201509100645) Sampled on 09/04/2015 1855

EPA 200.7 - ICP Metals
9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.018 17:0409/17/2015

S-LF-43 (201509100646) Sampled on 09/04/2015 1938

EPA 200.7 - ICP Metals

Data Report - Page 5 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory Data 

Report: 552378

City of Westminster

Cathy Shugarts

8900 Pierce Street

Westminster, CO 80021

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

Samples Received on:

09/10/2015 1100

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

9/11/2015  862478 Lithium Total ICAP mg/L(EPA 200.7) 0.01  100.018 17:0609/17/2015

Data Report - Page 6 of 6

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory

QC Summary: 552378

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref # 862478 - ICP Metals Analysis Date: 09/17/2015

S-LF-BKG1 Analyzed by: NINA201509100598

S-LF-BKG2 Analyzed by: NINA201509100599

S-LF-BKG3 Analyzed by: NINA201509100600

S-LF-41 Analyzed by: NINA201509100641

S-LF-DUPLICATE #7 Analyzed by: NINA201509100642

S-LF-DUPLICATE #13 Analyzed by: NINA201509100643

S-LF-DUPLICATE #18 Analyzed by: NINA201509100644

S-LF-42 Analyzed by: NINA201509100645

S-LF-43 Analyzed by: NINA201509100646

QC Ref # 862479 - ICP Metals Analysis Date: 09/17/2015

S-LF-1 Analyzed by: NINA201509100601

S-LF-2 Analyzed by: NINA201509100602

S-LF-3 Analyzed by: NINA201509100603

S-LF-4 Analyzed by: NINA201509100604

S-LF-5 Analyzed by: NINA201509100605

S-LF-6 Analyzed by: NINA201509100606

S-LF-7 Analyzed by: NINA201509100607

S-LF-8 Analyzed by: NINA201509100608

S-LF-9 Analyzed by: NINA201509100609

S-LF-10 Analyzed by: NINA201509100610

S-LF-11 Analyzed by: NINA201509100611

S-LF-12 Analyzed by: NINA201509100612

S-LF-13 Analyzed by: NINA201509100613

S-LF-14 Analyzed by: NINA201509100614

S-LF-15 Analyzed by: NINA201509100615

S-LF-16 Analyzed by: NINA201509100616

S-LF-17 Analyzed by: NINA201509100617

S-LF-18 Analyzed by: NINA201509100618

S-LF-19 Analyzed by: NINA201509100619

S-LF-20 Analyzed by: NINA201509100620

QC Ref # 862480 - ICP Metals Analysis Date: 09/17/2015

S-LF-21 Analyzed by: NINA201509100621

S-LF-22 Analyzed by: NINA201509100622

S-LF-23 Analyzed by: NINA201509100623

S-LF-24 Analyzed by: NINA201509100624

S-LF-25 Analyzed by: NINA201509100625

S-LF-26 Analyzed by: NINA201509100626

S-LF-27 Analyzed by: NINA201509100627

S-LF-28 Analyzed by: NINA201509100628

S-LF-29 Analyzed by: NINA201509100629

S-LF-30 Analyzed by: NINA201509100630

S-LF-31 Analyzed by: NINA201509100631

S-LF-32 Analyzed by: NINA201509100632

S-LF-33 Analyzed by: NINA201509100633

QC Summary - Page 1 of 2
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Laboratory

QC Summary: 552378

City of Westminster

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

S-LF-34 Analyzed by: NINA201509100634

S-LF-35 Analyzed by: NINA201509100635

S-LF-36 Analyzed by: NINA201509100636

S-LF-37 Analyzed by: NINA201509100637

S-LF-38 Analyzed by: NINA201509100638

S-LF-39 Analyzed by: NINA201509100639

S-LF-40 Analyzed by: NINA201509100640

QC Summary - Page 2 of 2
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Laboratory QC

Report: 552378

City of Westminster

QC Type Analyte Spiked Limits (%)Recovered Units Yield (%)Native RPDLimit (%) RPD%

750 Royal Oaks Drive, Suite 100

Monrovia, California 91016-3629

Tel: (626) 386-1100

Fax: (626) 386-1101

1 800 566 LABS (1 800 566 5227)

QC Ref#  862478 - ICP Metals by EPA 200.7 Analysis Date: 09/17/2015

LCS1 Lithium Total ICAP 0.02 0.0200 mg/L 100 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0202 mg/L 101 (85-115) 0.5020

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00101 mg/L 101 (50-150)

MS_201506010218 Lithium Total ICAP 0.02 0.0260 mg/L 95 (70-130)0.0070

MS_201509150317 Lithium Total ICAP 0.02 0.0218 mg/L 92 (70-130)0.0034

MSD_201509150317 Lithium Total ICAP 0.02 0.0224 mg/L 95 (70-130) 2.70.0034 20

MSD_201506010218 Lithium Total ICAP 0.02 0.0259 mg/L 95 (70-130) 0.390.0070 20

QC Ref#  862479 - ICP Metals by EPA 200.7 Analysis Date: 09/17/2015

LCS1 Lithium Total ICAP 0.02 0.0200 mg/L 100 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0205 mg/L 102 (85-115) 2.520

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00102 mg/L 102 (50-150)

MS_201509100601 Lithium Total ICAP 0.2 0.217 mg/L 102 (70-130)0.014

MS_201509100611 Lithium Total ICAP 0.2 0.390 mg/L 98 (70-130)0.19

MSD_201509100611 Lithium Total ICAP 0.2 0.397 mg/L 102 (70-130) 1.50.19 20

MSD_201509100601 Lithium Total ICAP 0.2 0.215 mg/L 101 (70-130) 0.930.014 20

QC Ref#  862480 - ICP Metals by EPA 200.7 Analysis Date: 09/17/2015

LCS1 Lithium Total ICAP 0.02 0.0205 mg/L 102 (85-115)

LCS2 Lithium Total ICAP 0.02 0.0201 mg/L 100 (85-115) 2.020

MBLK Lithium Total ICAP <0.0005 mg/L

MRL_CHK Lithium Total ICAP 0.001 0.00103 mg/L 103 (50-150)

MS_201509100631 Lithium Total ICAP 0.2 0.272 mg/L 102 (70-130)0.068

MS_201509100621 Lithium Total ICAP 0.2 0.437 mg/L 96 (70-130)0.24

MSD_201509100621 Lithium Total ICAP 0.2 0.435 mg/L 96 (70-130) 0.460.24 20

MSD_201509100631 Lithium Total ICAP 0.2 0.274 mg/L 103 (70-130) 0.730.068 20

QC Report - Page 1 of 1

Spike recovery is already corrected for native results.

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.

Criteria for MS and Dup are advisory only, batch control is based on LCS.  Criteria for duplicates are  advisory only, unless otherwise specified in the method.

RPD not calculated for LCS2 when different a concentration than LCS1 is used.

RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).

(S) - Indicates surrogate compound.

 (I) - Indicates internal standard compound.
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ATTACHMENT 5 

CDPHE pH Variance (Lead and Copper Rule) 
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STATE OF COLORADO 
Bill Owens, Governor 
Jane E. Norton. Executiw Director 

Dedic a led w protecting and improving the health and environ.mcm of the people of Color,�do 

,noo Cheny Cr<"ek Dr. S. Laborntory ,md Radi.ition Servic�s Division 
Denver, Colorado 80246-1530 8100 Lowry Blvd. 
Phone (303) 692-2000 Denver. Colorado 80230-6928 
TDD Linc 003) 691-7700 i303) 692-3090 
loc,,tec.l in Glendale, Colowdo 

hllp://www.cdphe.s1a1e.m.us 

December 16, 2002 

City of Westminster, PWSID # 101170
Attn: Sharon Bernia 
Public Works and Utilities 
8900 Pierce Street 
Westminster, CO 80021-6447 

Subject: Optimized Water Quality Parameter Range Exemption 

Ms. Bernia, 

Colorado Department
of Public Health 
and Environment 

Based on the information provided in your December 2, 2002 letter, the temporary exemption from
previously established pH ranges is approved through June of 2003. This approval should provide
sutlkient time for your water system to evaluate the treatment processes and their effect on your
water treatment plants and the distribution system. 

It would be advisable for you to increase sampling locations and the frequency of your distribution
system pH and alkalinity monitoring. Doing so would provide a larger mformation base for
developing new Water Quality Parameter (WQP) ranges. We recommend that you return to sampling
the l O distribution system sites that were used as WQP sampling points in your 1992 Initial
Monitoring. We also recommend an increase in the frequency of your entry point WQP sampling to
provide more data on the effect of the new treatment processes. Increased sampling would only be
necessary through end of June 2003. 

Please submit the pH and alkalinity information you have already gathered and continue to submit
sampling data Quarterly during the exemption period. This data and any additional data you collect
will be used for background information only, not for regulatory purposes. 

We remain committed to working with your water system and assisting in whatever manner possible.
If you have any questions, please call me at (303) 692-3532. 

Respectfully, 

e-L_,\�) 
J�n R. Payne � 
yvironmental Protection Specialist
Technical Services Unit, WQCD 

CC: File, Section 5 
Tri County District Health Dept 
Tom Armitage, DE, Adams County 
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Alternatives Development 
PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

Purpose and Outcomes  
The purpose of this technical memorandum (TM) is to characterize the proposed master plan alternatives in 
detail, including the following:  
• Number and location of facilities online 
• Capacity at each facility 
• Construction phasing approach 

The major outcome of this effort is a list of water treatment location alternatives that meet citywide 
demand reliability and water quality goals, and also provide a variety of non-monetary advantages. The 
primary conclusion of this effort is the requirement for a new facility to meet the City’s demand reliability 
goals. 

Introduction and Background 
This intent of the Master Plan is to develop a coarse road map that specifies water treatment locations and 
capacities over time. Overall, the purpose of the Master Plan is to answer the question, “Will Semper still be 
online in 25 years?” as opposed to, “What is the preferred process flow diagram for a new water treatment 
plant?” While the latter can be determined after conducting pilot tests during subsequent design phases, 
the fate of Semper must first be determined. 

With the spirit of a high-level road map in mind, the philosophy for alternative development for this Master 
Plan focused on developing a wide of range of possible scenarios.  

Existing Demand and Plant Capacities  
Based on plant nameplate capacities, the City has enough total treatment capacity to meet current and 
buildout demands. However, relying on total capacity does not provide any contingency to deal with 
equipment failures and other common issues that will occur during the lifespan of a plant. As characterized 
in the Level-of-Service Goals TM, the City has set the following reliability criterion: the City must be able to 
meet potable water maximum daily demand (MDD) under a Type 1 failure, e.g., a typical equipment failure. 
To meet this reliability criterion, the assumption is the citywide potable water MDD must be met with the 
largest train out-of-service.  

The current citywide potable water MDD is 42 million gallons per day (MGD). This number is expected to 
increase to 48 MGD in 2025 and 57 MGD in 2040. (Detailed information about current and projected potable 
water demands are summarized in the Citywide Potable Demand TM.)  
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The City currently has two water treatment facilities: Semper Water Treatment Facility (Semper) and 
Northwest Water Treatment Facility (NWTF). The existing capacity of each facility is provided in Table 1.  

Table 1. Existing Plant Capacities 

Plant Total Capacity Firm Capacity Notes 

Semper 44 22 Firm capacity is with either the North or South Train offline. 

NWTF 15 15 Floc/sed is not required for plant operation and is therefore not 
considered in the capacity rating. The firm capacity of 15-MGD 
applies to summer operations only; this is not a long-term, 
sustainable winter capacity.  

Note: Throughout this TM, an individual plant’s firm capacity is defined as that plant’s capacity with its largest train out of 
service. Citywide firm capacity is defined as the citywide treatment capacity (out the door) with the largest train out of 
service at a single plant. 

Combined, these plants currently provide 59 MGD of total treatment with 37 MGD of firm capacity (i.e., with 
the City’s largest train, either the north or south sedimentation train at Semper, offline). With the historic 
potable water MDD reaching 42 MGD and current potable water MDD at 37.7 MGD, the City is not currently 
meeting its established reliability criterion with its existing facilities. With the anticipated increase in growth, 
the gap between potable water demand and systemwide firm capacity will only increase. The City is 
currently operating in catch-up mode to build enough treatment capacity to meet the potable water 
demand reliability goal. Moving forward, treatment capacity should be planned in front of demand so that 
potable water demand reliability goals can be maintained.  

From a logistical standpoint, any alternative that involves taking a train offline at Semper is not viable. 
Because of a lack of available land around Semper, any construction improvements would force part of the 
plant offline. Larger construction projects would require more than 6 months to complete, which would 
compromise potable water demand during the peak summer season. Thus, all viable alternatives must 
include a new treatment plant to meet potable water MDD. For the purpose of this Master Plan, it was 
assumed a new treatment plant would be located on City-owned land near Standley Lake.  

Alternative Development 
The treatment location alternatives include a combination of the following concepts:  
• Repair/Refurbish Semper. Includes required improvements to maintain plant capacity and/or condition 

only. 
• Reinvest in Semper. Includes required improvements and additional process upgrades/plant 

modernization (e.g., deep bed filters). This strategy allows the City to stop discharging Semper solids to 
the Metro Wastewater Reclamation District (see Plant Performance Desktop Evaluation TM). 

• Retire Semper. Includes selling land. 
• Harden NWTF to increase sustainable firm capacity and redundancy. 
• Retire NWTF after next membrane cycle. 
• Construct a new conventional treatment facility near Standley Lake. 
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Several terms are used consistently in development of the alternatives. Table 2 provides a glossary of these 
terms.  

Table 2. Glossary for Terminology Used in Alternatives  

Term Definition Notes 

Refurbish Minimal investment needed to keep facility 
operational.  

Includes required improvements to maintain plant capacity 
and condition only. 

Reinvest Significant investment intended to not only keep 
facility operational, but also modernize for 
improved non-monetary benefits (e.g., improved 
barriers for contaminants of potential concern). 

Typically used with respect to Semper. Includes 
modernization (e.g., converting Semper filters to deep bed 
filters) in addition to required improvements to maintain 
plant capacity and condition. 

Harden Facility updating to minimize points of 
vulnerability.  

Typically used with respect to NWTF. Includes facility 
updating required to convert facility from a peaking plant 
design (with multiple points of vulnerability in the raw 
water, delivery, and disinfection systems) to redundant, 
baseloaded treatment facility with increased reliability (e.g., 
parallel floc/sed trains). 

Sustainable 
Capacity 

Year-round capacity (24 hours day, 7 day per week)  Typically used with respect to NWTF. At NWTF, floc/sed is 
not required for plant operation and is therefore not 
considered in plant total and firm capacity rating. Firm 
capacity of 15-MGD without floc/sed applies to short term, 
summer-only condition. This condition is operationally 
intense given the frequency of membrane cleaning that 
would be required to maintain this flowrate without any 
pretreatment. As a result, it could only be maintained for 
weeks as opposed to months. Additional improvements 
would be required to allow the plant to achieve a 
sustainable capacity of 15-MGD year-round. 

Firm 
Capacity 

Amount of capacity (in MGD) the plants can 
provide with the largest train of Semper offline 

Typically used with respect to Semper. With one train 
offline, the plant capacity is cut in half 

Total 
Capacity 

The total nameplate capacity of the plant (in MGD)  Because plants cannot run at nameplate capacity at all 
times, Sustainable Capacity is the capacity at which the 
plant could run in all seasons and with a typical operations 
staff.  

 

As mentioned previously, a wide range of possible scenarios was considered prior to identifying specific 
alternatives. At one end of this range, the alternative includes retiring Semper; at the other, the alternative 
includes a major overhaul (aka “reinvestment”) in Semper. The middle-of-the-road alternative keeps Semper 
online by doing only what is required to keep the facility operational. 

The alternatives are laid out in detail in the following sections, and a table is provided in the attachment that 
summarizes the details of each alternative for reference. Table 1 briefly describes the alternatives in a 
single-page format for ease of comparison. 
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Table 3. Treatment Alternatives Summary  

 

  

Alt. No. Alternative 
Fatally 

Flawed? Alternative Description 

ALT 1 -  
DO 
NOTHING 

Continue under current 
conditions, repairing and 
replacing as needed. 

YES Reliability criteria not met under any demand scenario, including  
current conditions. 

ALT 2 Semper: Refurbish. 
NWTF:  
Refurbish. 
New Plant: Phase in 
small plant to 
supplement Semper. 

NO Refurbish Semper to maintain capacity of 44 MGD and phase in a new 
treatment plant at a preferred location (e.g., Standley Lake). Semper will 
remain in service following completion of the Standley Lake facility in 2025.  
NWTF continues with current state and operation.  

ALT 3a Semper:  
Reinvest. 
NWTF:  
Harden. 
New Plant: Phase in 
medium-sized plant to 
supplement Semper. 

NO Design a new treatment plant at a preferred location (e.g., Standley Lake).  
NWTF is upgraded with additional floc/sed to increase the firm sustained 
capacity of the plant. For this treatment investment to be practical, the 
other high consequence of failure points of raw water, delivery, and 
disinfection at NWTF also need to be addressed. These issues are 
addressed by this alternative. 
Operate Semper normally until completion of the new facility in 2025, then 
re-invest in Semper by constructing new treatment capacity of 20 MGD. 
New treatment capacity will comprise major process improvements and 
capital projects, including footprint for potential treatment processes. 
Constructing new capacity at Semper will require retiring some portions of 
the plant and building over existing capacity. 

ALT 3b Identical to Alt 3a. NO IDENTICAL TO ALT 3A EXCEPT WITHOUT PARALLEL NWTF RAW WATER 
PIPELINE.  

ALT 4a Semper:  
Retire. 
NWTF:  
Harden. 
New Plant: Phase in 
large plant to replace 
capacity from Semper.  

NO Phase in a new treatment plant at a preferred location to be determined 
(e.g., Standley Lake).  
NWTF is ultimately upgraded with additional floc/sed to increase the firm 
sustained capacity of the plant.  
Forgo upgrades at Semper and expand third facility in lieu of costly 
upgrades at Semper. Ultimately retire and sell Semper property (~2040). 
Start with 14 MGD at new treatment plant location and expand in 14-MGD 
increments as required by condition of Semper and/or regulations (water 
quality). 

ALT 4b Identical to Alt 4a.  NO IDENTICAL TO ALT 4 EXCEPT WITHOUT PARALLEL NWTF RAW WATER 
PIPELINE. 

ALT 5 Semper:  
Reinvest. 
NWTF:  
Retire after next 
membrane cycle. 
New Plant: Phase in 
large plant to 
supplement Semper. 

NO Phase in a new treatment plant at a preferred location to be determined 
(e.g., Standley Lake).  
NWTF is operated in its current state and is ultimately retired before 
membrane replacement is required (~2025).  
Operate Semper normally until the new plant is online in 2025, then re-
invest in Semper by constructing new treatment capacity of 34 MGD. New 
treatment capacity will comprise major process improvements and capital 
projects including footprint for potential treatment processes. Constructing 
new capacity at Semper will mean that Semper no longer needs to 
discharge solids to Metro Wastewater Reclamation District. 
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Alternative 1: Refurbish Semper and Harden NWTF; No New WTP 
Alternative 1 represents the minimum capital investment at both facilities and does not increase total 
treatment capacity by adding a third plant at a new location. As stated previously, the City’s potable water 
MDD cannot be met with the largest train out of service as required by the City’s demand reliability goal. 
This alternative is considered to be fatally flawed and will not be further considered as a part of the Master 
Plan. A new treatment plant located at a new location must be included in any viable alternative to increase 
the treatment capacity to such a point that it meets regulatory standards and treatment goals, and satisfies 
the demands of an expanding population for potable water.  

Alternative 2: Refurbish Semper and NWTF; Phase in New Small WTP at New Location 
For Alternative 2, Semper is refurbished as required to maintain its current capacity of 44 MGD (22 MGD 
firm). By 2040, upgrades to include solids handling are included at Semper so that the City no longer needs 
to discharge Semper solids to Metro Wastewater Reclamation District. The footprint required for this 
additional treatment process (as characterized in the City’s Water Quality Goals) at Semper is not possible 
due to the tight footprint at Semper. This is taken into account in the non-monetary evaluation for the plant.  

NWTF would remain unchanged with 15 MGD of total treatment capacity, with a temporary firm capacity of 
15 MGD. As discussed previously, NWTF could operate temporarily as a direct filtration facility if it lost the 
single floc/sed train, but could not maintain this sustained operational capacity for an extended period of 
time. Normal maintenance and repair would occur at NWTF, but no significant upgrades or capital projects 
would occur under this alternative.  

To meet the potable water MDD, a third plant would be constructed at a new location. This WTP is assumed 
to be a conventional treatment facility for all alternatives. The treatment process would be similar to 
Semper, but would include flocculation basins and deep bed filters for more robust treatment and additional 
footprint for optional advanced or additional treatment, if required/desired. For this alternative, the total 
capacity added at Standley Lake WTP is the smallest out of all alternatives. Standley Lake would initially have 
a single 11-MGD treatment train to meet 2025 estimated demands, and would be subsequently be 
expanded to 22 MGD with 11 MGD of firm capacity to meet build-out demands.  

In total, Alternative 2 provides 70 MGD of total treatment with 48 MGD of firm capacity in 2025 (potable 
water MDD of 48 MGD). In 2040, the capacity expands to 81 MGD of total treatment with 59 MGD of firm 
capacity (potable water MDD of 57 MGD).  

2017 Activities 
1. Refurbish Semper as required to maintain current capacity and operations. 
2. Refurbish NWTF as required to maintain current capacity and operations 
3. Standley Lake WTP is not yet online. 

2018-2025 Activities 
1. Continue to refurbish Semper as required. 
2. Continue to refurbish NWTF as required. 
3. Commission a single-train, 11-MGD conventional treatment WTP at Standley Lake. 

2025-2040 Activities 
1. Continue to refurbish Semper as required. 
2. Continue to refurbish NWTF as required. 
3. Commission an additional 11-MGD train at Standley Lake WTP for total capacity of 22 MGD, 11 MGD 

firm capacity. (See Figure 1.) 



ALTERNATIVES DEVELOPMENT 

PAGE 6 OF 21 AUGUST 5, 2016 

 
Figure 1. Alternative 1 in 2040 

Alternative 3a: Reinvest at Semper; Harden NWTF;  
Phase in New Medium-Sized WTP at a New Location 
For this alternative, Semper would operate normally until 2023 when a smaller plant at Semper would be 
constructed for commission in 2025. Semper would undergo a significant reinvestment via major capital 
projects with a total treatment capacity of 20 MGD and a firm capacity of 10 MGD. As noted in Table 2, 
reinvestment at Semper is considered to comprise major process improvements and capital projects. Deep 
bed filters and additional footprint for optional advanced or additional treatment, if required/desired for 
future treatment processes, would be possible. By 2040, upgrades to include solids handling would be 
included at Semper so that the City no longer needs to discharge Semper solids to Metro Wastewater 
Reclamation District, as mentioned in the Plant Performance Desktop Evaluation TM. 

NWTF would remain unchanged with 15 MGD of total treatment capacity, with a temporary firm capacity of 
15 MGD until 2025. As discussed previously, NWTF cannot maintain this sustained operational capacity for 
an extended period of time. To address this, NWTF would be hardened by adding an additional floc/sed train 
for additional capacity and redundancy by 2025. In addition, a redundant raw water supply pipeline from 
Standley Lake would be constructed to improve supply reliability.  

To meet the potable water MDD, a third, medium-sized plant would be constructed at a new location. The 
total capacity at this new plant would be 24 MGD via three 8-MGD treatment trains. The WTP would 
subsequently be expanded with an additional train for a total of 32 MGD (24 MGD firm capacity).  

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 



ALTERNATIVES DEVELOPMENT 

AUGUST 5, 2016  PAGE 7 OF 21 

In total, Alternative 3a provides 59 MGD of total treatment with 49 MGD of firm capacity in 2025 (MDD of 
48 MGD). In 2040, the capacity expands to 67 MGD of total treatment with 49 MGD of firm capacity (MDD 
of 57 MGD).  

Alternative 3 requires a significant outlay of capital around 2025 (which is not far out on the planning 
horizon), which is a challenge. Substantial activities such as a filter overhaul (requiring demolition) at 
Semper and expanded floc/sed at NWTF are taking place just prior to a new plant coming online at a third 
location. This approach requires complicated construction sequencing to make sure potable water demands 
can reliably be met during all phases of construction. The monetary and non-monetary aspects of this 
approach are considered in the Westminster Master Plan Alternatives – Cost Benefit Analysis TM.  

2017 Activities 
1. Refurbish Semper as required to maintain current capacity and operations. 
2. No activities at NWTF occur aside from normal maintenance and repair activities. 
3. Standley Lake WTP is not yet online. 

2018-2025 Activities 
1. Commission deep bed filters (2023) and bring reinvested 20-MGD total, 10-MGD firm capacity Semper 

plant online. 
2. Commission and bring additional floc/sed train at NWTF online along with redundant raw water 

pipeline. 
3. Commission a three-train, 24-MGD conventional treatment WTP at Standley Lake. 

2025-2040 Activities 
1. Continue to refurbish Semper as required. 
2. Normal maintenance and repair at NWTF continues. 
3. Add an 8-MGD train to bring Standley Lake WTP to 32 MGD total capacity, 24 MGD firm (see Figure 2). 
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Figure 2. Alternative 3a in 2040 

Alternative 3b: Reinvest at Semper; Harden NWTF (No Redundant Pipeline); 
Phase in New Medium-Sized WTP at New Location 
Alternative 3b is the same as Alternative 3a without the redundant pipeline supply to NWTF (see Figure 3). 
All other aspects of Alternative 3b match Alternative 3a exactly. See Alternative 3a for specific details and 
activities at each phase.  

Similar to Alternative 3b, Alternative 3a requires a significant outlay of capital around 2025 (which is not far 
out on the planning horizon). Substantial activities such as a filter overhaul (requiring demolition) at Semper 
and expanded floc/sed at NWTF are taking place just prior to a new plant coming online at a third location. 
The financial benefit to 3b is that the outlay of capital is reduced by the elimination of the NWTF raw water 
pipeline as shown in Figure 3. This alternative’s approach requires complicated construction sequencing in 
order to make sure potable water demands can reliably be met during all phases of construction. The 
monetary and non-monetary aspects of this approach are considered in the Westminster Master Plan 
Alternatives – Cost Benefit Analysis TM.  

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 

32 
mgd 
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Figure 3. Alternative 3b in 2040 

Alternative 4a: Retire Semper; Harden NWTF; Phase in New Large WTP 
at New Location 
For this alternative, Semper is refurbished as required to maintain the current capacity of 44 MGD with 
22 MGD of firm capacity. Semper would operate normally until 2040 when it would cease operations and 
ultimately be retired. No solids handling upgrades at Semper are included in this alternative. Unlike the 
other improvements, the parallel raw water pipelines for Semper are not replaced in 2025 as that 
investment would be wasted by 2040.  

NWTF would remain unchanged with 15 MGD of total treatment capacity, with a temporary firm capacity of 
15 MGD until 2025. As discussed previously, NWTF cannot maintain this sustained operational capacity for 
an extended period of time. To address this, NWTF would be hardened by adding an additional floc/sed train 
for additional capacity and redundancy. In addition, a redundant raw water supply pipeline from Standley 
Lake would be constructed to improve supply reliability.  

To meet the MDD, a third, large-sized plant would be constructed at Standley Lake. For this alternative, the 
total capacity at Standley Lake WTP would be 14 MGD with no firm capacity via a single 14-MGD treatment 
train operational in 2025. The WTP would be subsequently be expanded with three additional trains to 
56 MGD total with 42-MGD firm capacity.  

Alternative 4 provides 73 MGD of total treatment with 51 MGD of firm capacity in 2025 (MDD of 48 MGD). 
In 2040, the capacity is 71 MGD of total treatment with 57 MGD of firm capacity (MDD of 57 MGD).  

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 
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2017 Activities 
1. Refurbish Semper as required to maintain current capacity and operations. 
2. No activities at NWTF occur aside from normal maintenance and repair activities. 
3. Standley Lake WTP is not yet online. 

2018-2025 Activities 
1. Continue to refurbish Semper as required. 
2. Commission and bring additional floc/sed train at NWTF online along with redundant RW pipeline. 
3. Commission a single, 14-MGD conventional treatment WTP at Standley Lake. 

2025-2040 Activities 
1. Retire Semper. 
2. Normal maintenance and repair at NWTF continues. 
3. Add three 14-MGD trains to bring Standley Lake WTP to 56 MGD total capacity, 42 MGD firm. (See 

Figure 4.) 

 
Figure 4. Alternative 4a in 2040 

Alternative 4b: Retire Semper; Harden NWTF (No Redundant Pipeline);  
Phase in New Large WTP at New Location 
Alternative 4b is the same as Alternative 4a without the redundant pipeline supply to NWTF (see Figure 5). 
All other aspects of Alternative 4b match Alternative 4a exactly. See Alternative 4 for specific details and 
activities at each phase.  

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 



ALTERNATIVES DEVELOPMENT 

AUGUST 5, 2016  PAGE 11 OF 21 

 
Figure 5. Alternative 4b in 2040 

Alternative 5: Reinvest at Semper; Retire NWTF; 
Phase in New Large WTP at New Location 
For this alternative, Semper would operate normally until the new WTP is online in 2025. Semper would 
then undergo a significant reinvestment for major capital projects with a four-train facility with total 
treatment capacity of 34 MGD and a firm capacity of 25.5 MGD. This alternative includes major process 
improvements and capital projects, including deep bed filters and additional footprint for optional advanced 
or additional treatment, if required/desired for future treatment processes. By 2040, portions of the original 
Semper are still in existence, and upgrades to include solids handling would be included at Semper so that 
the City no longer needs to discharge Semper solids to Metro Wastewater Reclamation District. 

NWTF is refurbished as required to maintain the current capacity of 15 MGD, but it is not hardened for 
sustained operation at 15 MGD or redundant raw water supply. NWTF would remain online until the next 
membrane replacement is needed, when it would cease operations and be retired. 

To meet the potable water MDD, a third, large-sized plant would be constructed at a new location. For this 
alternative, the total capacity at Standley Lake WTP would be 24 MGD total capacity with 16 MGD firm 
capacity via three 8-MGD treatment trains. The WTP would subsequently be expanded with an additional 
train to 32 MGD total with 24 MGD firm capacity.  

In total, Alternative 5 provides 58 MGD of total treatment with 49.5 MGD of firm capacity in 2025 (potable 
water MDD of 48 MGD). In 2040, the capacity expands to 66 MGD of total treatment with 57.5 MGD of firm 
capacity (MDD of 57 MGD).  

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 
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Alternative 5 requires a significant outlay of capital around 2025 (which is not far out on the planning 
horizon), a challenge. Substantial activities such as a filter overhaul (requiring demolition) at Semper would 
take place just prior to a new plant coming online at a third location and retiring NWTF. This approach 
requires complicated construction sequencing in order to make sure potable water demands can reliably be 
met during all phases of construction. The monetary and non-monetary aspects of this approach are 
considered in the Westminster Master Plan Alternatives – Cost Benefit Analysis TM.  

2017 Activities 
1. Refurbish Semper as required to maintain current capacity and operations.  
2. No activities at NWTF occur aside from normal maintenance and repair activities.  
3. Standley Lake WTP is not yet online.  

2018-2025 Activities 
1. Commission deep bed filters (2023) and bring reinvested 34 MGD total, 25.5 MGD firm capacity Semper 

plant online. 
2. Retire NWTF. 
3. Commission a three-train, 24-MGD conventional treatment WTP at Standley Lake. 

2025-2040 Activities 
1. Normal maintenance and repair at Semper continues. 
2. Not applicable (NWTF retired in 2025). 
3. Add an 8-MGD train to bring Standley Lake WTP to 32 MGD total capacity, 24 MGD firm. (See Figure 6.) 

The challenge with Alternative 5 is that is requires a significant outlay of capital around 2025. 

 
Figure 6. Alternative 5 in 2040 

Notes 
1. Location of new plant not yet 
determined. Standley Lake is a placeholder.  
2. Engineering has not been conducted to 
determine how finished water will be 
conveyed to the distribution system. 
“Finished Water Pipeline” is a placeholder 
for all work needed to accomplish this task. 
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Initial Siting Study  
Subsequent to this Master Plan, a preliminary siting study will be conducted to select a preferred location 
for the new plant. Figure 7 identifies potential sites that may be included in the siting study. These locations 
will be refined and further vetted as part of the siting study that is anticipated to occur in 2018 in 
accordance with the Master Plan schedule.  

 
Figure 7. Initial Locations for Siting Study 

Summary 
As discussed previously, Alternative 1 is not viable and is not considered further. Six potential alternatives 
were carried forward and analyzed for this Master Plan. The financial and non-monetary analyses of these 
alternatives can be found in their own dedicated TMs. 
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Alternative 
No. Alternative 

Fatally 
Flawed Alternative Description Phase 

NWTF Semper Standley Lake WTP 

Citywide 
Potable 

MDD Treatment Capacity Comments 

Total Firm Total Firm Total Firm Total Total Firm1 Comments 

Existing 
(2015) 

 YES Current setup and rated/firm capacities with 
no changes 

 15 MGD 15 MGD (No 
redundancy 
for failure2) 

44 MGD 22 MGD 
(North or 

South off line) 

N/A N/A 42 MGD 59 MGD 37 MGD Firm capacity does not meet 
potable demand.  

1 Semper: Refurbish  

NWTF: Harden 

Standley Lake: 
None 

YES Repair/Refurbish3 Semper and include 
improvements at NWTF to increase sustained 
operational capacity to CDPHE rated 
membrane capacity of 15 MGD 

2025 15 MGD 15 MGD 44 MGD 22 MGD 
(North or 

South off line) 

N/A N/A 48 MGD 59 MGD 37 MGD Firm capacity does not meet 
potable demand in 2025. 
Fatally Flawed.  

   Not Applicable  2040 15 MGD 15 MGD 44 MGD 22 MGD 
(North or 

South off line) 

N/A N/A 57 MGD 59 MGD 37 MGD Firm capacity does not meet 
potable demand in 2040. 
Fatally Flawed. 

2 Semper: Refurbish  

NWTF:  
Refurbish 

Standley Lake: 
Phase in small 
plant to 
supplement 
Semper 

NO Repair/Refurbish3 Semper to maintain 
capacity of 44 MGD and phase in a new 
treatment plant at a preferred location (e.g., 
Standley Lake). NWTF continues with current 
state and operation.  

2025 15 MGD 15 MGD (No 
redundancy 
for failure2) 

44 MGD 22 MGD 
(North or 

South offline) 

11 MGD  
(1 x 11 MGD 

trains) with no 
redundancy 
for failure 

0 MGD 48 MGD 70 MGD 48 MGD  

    2040 15 MGD 15 MGD (No 
redundancy 
for failure2) 

44 MGD 22 MGD 
(North or 

South offline) 

22 MGD  
(2 x 11 MGD 

trains) 

11 MGD 57 MGD 81 MGD 59 MGD  

3a Semper:  
Reinvest 

NWTF:  
Harden 

Standley Lake: 
Phase in med plant 
to supplement 
Semper 

NO Design a new treatment plant at a preferred 
location (e.g., Standley Lake). A potential 
project could be upgrading NWTF with 
additional floc/sed to increase the firm 
continuous capacity of the plant. Operate 
Semper normally until re-investment with a 
new build of a smaller plant at Semper with 
footprint for additional treatment process 
and deep bed filters is constructed. 

2023 
(Construction) 

15 MGD 15 MGD (No 
redundancy 
for failure2) 

22 MGD 0 MGD 24 MGD (3 x 
8 MGD trains) 

16 MGD 47 MGD 61 MGD 39 MGD4 For the investment to expand 
floc/sed at NWTF to be 
practical, this alternative must 
also address the high 
consequence of failure points 
of raw water, delivery, and 
disinfection at NWTF.  

    2025 15 MGD 15 MGD 20 MGD 
(2 x 10 MGD 

10 MGD 24 MGD (3 x 
8 MGD trains) 

16 MGD 48 MGD 59 MGD 49 MGD Requires a lot of investment 
in the near-term (e.g., by 
2025) and requires 
complicated construction 
sequencing. 

    2040 15 MGD 15 MGD 20 MGD  
(2 x 10 MGD 

10 MGD 32 MGD (4 x 
8 MGD trains) 

24 MGD 57 MGD 67 MGD 57 MGD  
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Alternative 
No. Alternative 

Fatally 
Flawed Alternative Description Phase NWTF Semper Standley Lake WTP 

Citywide 
Potable 

MDD Treatment Capacity Comments 

3b Semper:  
Reinvest 

NWTF:  
Harden 

Standley Lake: 
Phase in med plant 
to supplement 
Semper 

NO Design a new treatment plant at a preferred 
location (e.g., Standley Lake). A potential 
project could be upgrading NWTF with 
additional floc/sed to increase the firm 
continuous capacity of the plant. Operate 
Semper normally until re-investment with a 
new build of a smaller plant at Semper with 
footprint for additional treatment process 
and deep bed filters is constructed. 

2023 
(Construction) 

15 MGD 15 MGD (No 
redundancy 
for failure2) 

22 MGD 0 MGD 24 MGD (3 x 
8 MGD trains) 

16 MGD 47 MGD 61 MGD 39 MGD4 For the investment to expand 
floc/sed at NWTF to be 
practical, this alternative must 
also address the high 
consequence of failure points 
of raw water, delivery and 
disinfection at NWTF. To 
reduce the capital outlay in 
2025, Alternative 3B softens 
the “hardening” of NWTF 
some by eliminating the 
parallel raw water pipeline. 
The reduced reliability will be 
accounted for in the non-
monetary evaluation.  

    2025 15 MGD 15 MGD 20 MGD (2 x 
10 MGD 

10 MGD 24 MGD (3 x 
8 MGD trains) 

16 MGD 48 MGD 59 MGD 49 MGD Requires a lot of investment 
in the near-term (e.g., by 
2025) and requires 
complicated construction 
sequencing. 

    2040 15 MGD 15 MGD 20 MGD (2 x 
10 MGD 

10 MGD 32 MGD (4 x 
8 MGD trains) 

24 MGD 57 MGD 67 MGD 57 MGD  

4a Semper:  
Retire 

NWTF:  
Harden 

Standley Lake: 
Phase in large plant 
to replace capacity 
from Semper 

NO Phase in a new treatment at a preferred 
location to be determined (e.g., Standley 
Lake). NWTF could be upgraded with 
additional floc/sed to increase the firm 
capacity of the plant. Forgo costly, long-term 
investment upgrades at Semper and expand 
third facility in lieu of costly upgrades at 
Semper. Ultimately retire and sell Semper 
property. Start with 14 MGD at new 
treatment plant location and add Phases 2-4 
in 14-MGD increments as required by 
condition of Semper and/or regulations 
(water quality). 

2025 15 MGD 15 MGD 44 MGD 22 MGD 
(North or 

South offline) 

14 MGD (1 x 
14 MGD trains) 

with no 
redundancy 
for failure 

0 MGD 48 MGD 73 MGD 51 MGD For the investment to expand 
floc/sed at NWTF to be 
practical, this alternative must 
also address the high 
consequence of failure points 
of raw water, delivery and 
disinfection at NWTF.  

    2040 15 MGD 15 MGD 0 MGD 0 MGD 56 MGD (4 x 
14 MGD trains) 

42 MGD 57 MGD 71 MGD 57 MGD  
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Alternative 
No. Alternative 

Fatally 
Flawed Alternative Description Phase NWTF Semper Standley Lake WTP 

Citywide 
Potable 

MDD Treatment Capacity Comments 

4b Semper:  
Retire 

NWTF:  
Harden 

Standley Lake: 
Phase in large plant 
to replace capacity 
from Semper 

NO Phase in a new treatment at a preferred 
location to be determined (e.g., Standley 
Lake). NWTF could be upgraded with 
additional floc/sed to increase the firm 
capacity of the plant. Forgo upgrades at 
Semper and expand third facility in lieu of 
costly upgrades at Semper. Ultimately retire 
and sell Semper property. Start with 14 MGD 
at new treatment plant location and add 
phases 2-4 in 14-MGD increments as required 
by condition of Semper and/or regulations 
(water quality). 

2025 15 MGD 15 MGD 44 MGD 22 MGD 
(North or 

South offline) 

14 MGD (1 x 
14 MGD trains) 

with no 
redundancy 
for failure 

0 MGD 48 MGD 73 MGD 51 MGD For the investment to expand 
floc/sed at NWTF to be 
practical, this alternative must 
also address the high 
consequence of failure points 
of raw water, delivery and 
disinfection at NWTF. To 
reduce the capital outlay in 
2025, Alternative 4b softens 
the “hardening” of NWTF 
some by eliminating the 
parallel raw water pipeline. 
The reduced reliability will be 
accounted for in the non-
monetary evaluation. 

    2040 15 MGD 15 MGD 0 MGD 0 MGD 56 MGD (4 x 
14 MGD trains) 

42 MGD 57 MGD 71 MGD 57 MGD This alternative is identical to 
Alternative 4a, but does not 
include a parallel raw water 
pipeline for NWTF.  

5 Semper:  
Reinvest  

NWTF:  
Retire after next 
membrane cycle  

New Plant: Phase in 
large plant to 
supplement 
Semper 

NO Phase in a new treatment at a preferred 
location to be determined (e.g., Standley 
Lake). NWTF is operated in its current state 
and is ultimately retired before membrane 
replacement is required. Operate Semper 
normally until reinvestment with a new build 
of a smaller plant at Semper with footprint for 
additional treatment process and deep bed 
filters is constructed. 

2023 
(Construction) 

15 MGD 15 MGD (No 
redundancy 
for failure2) 

22 MGD 0 MGD 24 MGD (3 x 
8 MGD trains) 

16 MGD 47 MGD 61 MGD 39 MGD4 Requires a lot of investment 
in the near-term (e.g., by 
2025) and requires 
complicated construction 
sequencing. 

    2025 0 MGD 0 MGD 34 MGD (4 x 
8.5 MGD 

trains) 

25.5 MGD 24 MGD (3 x 8 
MGD trains) 

16 MGD 48 MGD 58 MGD 49.5 MGD This alternative is built on the 
assumption that NWTF can 
make it to 2025 with no 
membrane replacement.  

    2040 0 MGD 0 MGD 34 MGD (4 x 
8.5 MGD 

trains) 

25.5 MGD 32 MGD (4 x 8 
MGD trains) 

24 MGD 57 MGD 66 MGD 57.5 MGD  

1. City-wide firm capacity reflects one train out of service. For calculation, the largest train is used. (City-wide firm capacity does NOT equal a summation of each of the individual plant capacities.) 

2. City direction is that NWTF can run for at least 4 weeks in the summer in direct filtration mode (e.g., bypassing floc/sed) at NWTF. As a result, the floc/capacity doesn’t dictate the “firm” capacity of the NWTF. The plant is not intended to be run at its total capacity on a sustained basis because NWTF 
is limited by pretreatment and winter temperatures. 

3. Repair/refurbish means O&M activities required to continue operations in the current state such as normal replacement of instruments and mechanical equipment, maintenance of existing concrete, etc. A reinvestment at Semper involves demolition and/or modification of existing infrastructure to 
provide new and additional treatment processes at the WTP. 

4. Could make temporary Semper modifications during construction to increase total firm to 50 MGD. 
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Westminster Master Plan Alternatives –  
Non-Monetary Criteria  

PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

Purpose and Outcomes  
Non-monetary criteria as described in this technical memorandum (TM) are those factors that help to 
quantify the benefits provided by each proposed alternative but are not associated with a specific cost. The 
purpose of this document is to discuss the development, ranking, and scoring of the criteria for the non-
monetary evaluation of the proposed alternatives. A sensitivity analysis was also performed to quantify the 
degree of certainty associated with the results of the non-monetary evaluation. Major findings include:  
• Alternative 4a has the highest weighted non-monetary score. 
• Alternative 4b (which is the same as Alternative 4a but without the parallel raw water pipeline at NWTF) 

has the second highest weighted non-monetary score. 
• Alternative 2 has the lowest weighted non-monetary score. 
• The sensitivity analysis substantiated the conclusions drawn from the non-monetary analysis. Based on a 

Monte Carlo analysis of 10,000 trials, where even if the non-monetary scores were judged incorrectly by 
some margin:  
− Alternative 4a was ranked first in all 10,000 trials.  
− Alternative 4b was ranked second in 9,998 trials. 
− Alternative 2 was ranked last in 9,759 trials.  

Criteria Development 
The City of Westminster (City) and CH2M staff developed the non-monetary criteria using a performance 
evaluation system, known as forced ranking, during the non-monetary workshop held on October 1, 2015. 
Forced ranking establishes a quantitative scoring system and ranks the alternatives based on performance. 
The six criteria selected are listed below: 
• Sustainability and Good Neighbor 
• Production Reliability (Quantity) 
• Operations and Maintenance Complexity 
• Adaptability and Phasing 
• Ability to Exceed Internal Water Quality Goals 
• Benchmarking against Peers 

Criteria Ranking 
Forced ranking of these criteria was performed in this non-monetary workshop by comparing each criterion 
head to head to determine the relative importance of each. This comparison was made in two steps. For the 
initial weight, each criterion was compared head to head to determine which one was more important. For 
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the fine weight, a more granular approach was used where a score of 1, 2, or 3 was given in each head-to-
head comparison. One point was assigned to a criterion that was slightly more important comparatively, and 
three points were given to a criterion that was much more important in comparison. The results of the 
forced ranking are shown in Table 1. 

Table 1. Forced Ranking of Non-monetary Design Criteria  
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    A B C D E F       
Sustainability and 
Good Neighbor/Land 
Requirements 

A A1 B3 A1 D3 A2 A2 19% 6 14% 

Production Reliability 
(Quantity) B   B1 B3 B2 B3 B3 29% 15 36% 

Operation & 
Maintenance 
Complexity 

C     C1 D3 C1 C2 14% 4 10% 

Adaptability and 
Phasing D       D1 D3 D3 24% 13 31% 

Ability to Exceed 
Internal WQ Goals E         E1 F2 5% 1 2% 

Benchmarking against 
Peers F           F1 10% 3 7% 

                100% 42 100% 

 

From this forced ranking exercise, the weighted importance of each non-monetary criterion was established 
in the following order: 
1. Production Reliability (Quantity) – 36% weight  
2. Adaptability and Phasing – 31% weight 
3. Sustainability and Good Neighbor – 14% weight 
4. Operations and Maintenance Complexity – 10% weight  
5. Benchmarking against Peers – 7% weight 
6. Ability to Exceed Internal Water Quality Goals – 2% weight 

The sub-criteria were developed to facilitate scoring the benefit provided by each of these criteria as 
described in the next section.  
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Criteria Scoring 
Sustainability and Good Neighbor  
The ultimate goal of this criterion was to identify the alternatives that were most effective at reducing the 
consumption of power and materials, while also limiting the impact of the treatment facilities on the 
community. The details for measuring and scoring each sub-criterion are discussed in Table 2. 

Table 2. Sustainability and Good Neighbor Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Total Truck Traffic  Number of total truck trips that would 
occur per MGD of production at each 
treatment facility. 

Alternatives with more truck trips per MGD 
of water treated are penalized.  

Electrical Consumption  Average annual electrical consumption for 
all treatment facilities.  

The highest electrical consumption is most 
heavily penalized. 

Chemical Consumption Average annual chemical consumption for 
all treatment facilities. 

The highest chemical consumption is most 
heavily penalized. 

Population Near 
Treatment Facilities  

Estimate of total population within one-half 
mile of treatment facilities.  

The alternatives with the highest 
population within one-half mile of 
treatment facilities are the most heavily 
penalized.  

Effective Land Use Effectiveness of land use for proposed or 
current treatment facilities against 
potential alternative uses for residents or 
businesses.  

The highest score is given to alternatives 
that locate the highest percentage of 
treatment in the most effective land use 
locations.  

Demolition of Useful Structures 
for New Construction 

The number of treatment processes that 
would be demolished and replaced with 
new construction in the same or a different 
location. 

Alternatives with the most demolition or 
retirement of useful structures are the most 
heavily penalized.  

 

A comparative breakdown of each facility and alternative is listed below. This breakdown was ultimately 
used to create the final scoring for each alternative based on these sub-criteria.  
As a placeholder, the new treatment plant is often referred to as the Standley Lake Water Treatment Plant 
throughout this technical memorandum. In reality, Standley Lake is just one of many locations in a siting 
study that will be independently conducted outside of this Master Plan. 
• Total Truck Traffic: Semper has the highest chemical consumption and solids production, and therefore 

will have the highest truck traffic per MGD of water treated out of any of the plants. The proposed 
Standley Lake facility would have slightly lower truck traffic in comparison to Semper, so the Standley 
Lake facility will score higher. Northwest Treatment Facility (NWTF) has the lowest truck traffic per MGD 
of water treated and will be least penalized.  

• Electrical Consumption: NWTF has the highest electrical consumption due to the pumping required for 
the membranes. Semper and Standley Lake are similar for treatment, but Semper has all discharge flows 
pumped from a lower pressure zone, so Semper ultimately has higher electrical consumption in 
comparison to Standley Lake.  

• Chemical Consumption: Semper has the highest chemical consumption, followed closely by Standley 
Lake. Standley Lake is lower due to optimized processes such as rapid mixing, mechanical flocculation, 
plate loading rates, and deep bed filters. NWTF has the lowest chemical consumption of the three 
facilities. 
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• Population near Treatment Facilities: Semper resides in the most heavily populated area, especially 
when considering plans to develop the surrounding areas into a “New Downtown” that would make that 
area even more congested. Northwest Treatment Facility (NWTF) is in a less densely populated area in 
comparison. The proposed Standley Lake facility would be in the least populated area and is therefore 
the least penalized facility.  

• Effective Land Use: Available land near Standley Lake could be used as the site for the new plant. This 
area is specifically being identified because the City owns a large tract near the lake, which would 
provide the City with the best functional use of space over other locations. NWTF is in a mostly 
residential area and is, therefore, a slightly less effective use of land. With the development of the “New 
Downtown,” Semper’s location becomes more desirable for other uses. Semper is the least favored 
treatment facility in this case.  

• Demolition of Useful Structures for New Construction: Retiring NWTF is the least favored alternative as 
this facility still has significant useful lifespan. Any options that retire Semper are penalized, although 
not as significantly, as Semper is nearing the end of its useful life.  

Based on this comparative breakdown of the facilities, each alternative was scored for all criteria. The 
categories are not weighted or altered, so the total scores are a true average for each alternative. The non-
monetary scoring for Sustainability and Good Neighbor is shown in Table 3.  

Table 3. Sustainability and Good Neighbor Non-monetary Scoring 
 Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
Total Truck Traffic 3 4 4 5 5 2 

Electrical Consumption 4 3 3 4.5 4.5 5 

Chemical Consumption 3.5 4 4 4.5 4.5 3 

Population near 
Treatment Facilities 2.5 3 3 5 5 4 

Effective Land Use 2 3 3 5 5 4 

Demolition of Useful Structures 
for New Construction 5 4 4 3 3 2 

TOTAL SCORE1 3.33 3.5 3.5 4.5 4.5 3.33 

1A score of 5 is the most favorable and a score of 1 is least favorable.  

By retiring Semper, Alternatives 4a and 4b score highest in all categories aside from demolition of useful 
structures. Removing a treatment facility in a more densely populated area, especially with consideration of 
the planned “New Downtown,” gives Alternatives 4a and 4b the advantage in the majority of categories for 
this criterion. Another advantage to retiring Semper is that Semper is the least efficient plant from a 
chemical usage standpoint giving Alternatives 4a and 4b another advantage in terms of sustainability over 
other alternatives.  

Production Reliability  
The production reliability criterion focuses on each Alternative’s ability to provide the greatest capacity of 
treated water to the entire distribution system without interruption. An in-depth discussion regarding 
production reliability can be found in the Level of Service Goals TM. The goal is to identify the alternatives 
that would consistently provide the greatest quantity of finished water during Type 1 failure events, e.g., a 
typical equipment failure. The details for measuring and scoring each sub-criterion are discussed in Table 4. 
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Table 4. Production Reliability Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Entry Points to the  
Distribution System  

Number of total entry points to the 
distribution system provided by all online 
treatment facilities. 

Alternatives with more entry points to the 
distribution system are scored highest.  

Total City Treatment Capacity  Total treatment capacity of all online 
facilities above the maximum daily demand.  

The highest total capacity alternatives are 
scored highest. 

Pipeline Impacts from Railroads  The amount of treatment capacity away 
from rail lines or finished water capacity 
that does not cross railroads. 

The greatest capacity away from railroads 
or without pipeline crossing of railways is 
scored highest. 

Redundancy in Pipelines Presence/absence of redundant supply 
pipelines provided to each treatment 
facility.  

Alternatives with redundant supply 
pipelines to each treatment facility score 
higher.  

 
A comparative breakdown of each facility and alternative is listed below. This was ultimately used to create 
the final scoring for each alternative based on these sub-criteria. 
• Entry Points to the Distribution System: Raw water piping has limited redundancy by nature versus the 

distribution system which is inherently redundant. Those alternatives with three plants will have more 
entry points than two-plant alternatives and will therefore be scored highest. For individual treatment 
facilities, Standley Lake would have the most entry points by tying in to pressure zones off the plant 
discharge and using the high service pump station (HSPS) at Semper to connect to all other zones. 
Semper has the second most entry points by tying in to all distribution zones through the HSPS, and 
NWTF has the fewest entry points to the distribution system, and therefore scores lowest in this 
category.  

• Total City Treatment Capacity: This criterion simply compares the total capacity among the alternatives. 
Alternative 2 has the greatest total capacity, followed by Alternatives 4a and 4b that have equal 
capacity, then Alternatives 3a and 3b which also have the same capacity. Alternative 5 has the lowest 
total capacity above the maximum daily demand and scores lowest.  

• Pipeline Impacts from Railroads: Standley Lake and NWTF are equal in this case as neither has 
treatment capacity near rail lines or pipeline crossing at railways. Semper is penalized for its proximity to 
the rail line and the finished water pipeline crossing the rail line.  

• Redundancy in Pipelines: Alternatives 3a and 4a involve adding a redundant raw water pipeline to 
NWTF and score highest. Alternatives 3b and 4b are the same as 3a and 4a, respectively, except for the 
redundant pipeline. Alternatives 2 and 5 also do not provide a redundant supply pipeline as Alternative 
2 limits capital projects and Alternative 5 retires NWTF.  

Based on this comparative breakdown of the facilities, each alternative was scored for all criteria. The 
categories are not weighted or altered, so the total scores are a true average for each alternative. The non-
monetary scoring for production reliability is shown in Table 5.  

Table 5. Production Reliability Non-monetary Scoring 

 Alt 2 Alt 3a Alt 3b Alt 4a Alt4b Alt 5 

Entry Points to Distribution System 5 5 5 3 3 4 

Total City Treatment Capacity  5 3 3 4 4 2 

Pipeline Impacts from Railroads  2 4 4 5 5 3 

Redundancy in Pipelines 3 5 3 5 3 4 

TOTAL SCORE1 3.75 4.25 3.75 4.25 3.75 3.25 

1A score of 5 is the most favorable and a score of 1 is least favorable.  
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Alternatives 3a and 4a score the highest for production reliability as both alternatives include redundant 
supply pipelines to both NWTF and Semper. Alternative 4a scores highly for retiring Semper to avoid 
potential impacts from the nearby railroad crossing. Alternatives 3b and 4b score slightly lower than 
Alternatives 3a and 4a as they are the same as Alternative 3b and 4b, respectively, with the exception of the 
redundant pipelines removed, which lowers their scores in that category only. Alternative 5 scores lowest 
due to its lowest total treatment capacity, no redundant pipeline to NWTF (as that plant would be retired), 
and a large percentage of the total treatment for the City would be at Semper where rail lines have potential 
to impact production reliability.  

Operations and Maintenance Complexity  
This criterion is used to identify the alternatives that have the least complicated daily operations and 
maintenance (O&M) activities at all treatment facilities. Operations and Maintenance Complexity also takes 
into account the degree of difficulty that is involved in normal operations and any potential repairs that may 
be required while the plant is online. The details for measurement and scoring of each criteria is discussed in 
Table 6. 

Table 6. Operations and Maintenance Complexity Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Number of Treatment Plants   Total number of treatment plants online.    The alternatives with the fewest online 
treatment facilities are scored highest.  

Age of Treatment Facilities   Age of infrastructure for each plant, 
weighted by total capacity.  

The alternatives with the highest capacity 
provided by aged infrastructure are most 
heavily penalized.  

Types of Treatment Facilities Total number of treatment plant types. The fewest different types of treatment 
facilities are scored highest.  

Ease of Maintenance and  Repairs  Number of trains that can be kept online 
while a train is in repair. Level of complexity 
for typical maintenance and repair 
procedures. 

The most modular plants that can easily 
take trains offline, and plants with the least 
complex maintenance activities are scored 
highest.  

 

A comparative breakdown of each facility and alternative is listed below. This was ultimately used to create 
the final scoring for each alternative based on these criteria.   
• Number of Treatment Plants: Alternatives with the fewest treatment facilities score highest as this will 

decrease operational complexity, therefore Alternatives 4a, 4b, and 5 score highest. Alternatives 2, 3a, 
and 3b are penalized for having three facilities.  

• Age of Treatment Facilities: Alternatives where Semper is refurbished are most heavily penalized as 
they have the oldest infrastructure. Reinvested Semper alternatives that will have some new 
infrastructure, but will still have significant infrastructure nearing the end of its useful life, so are 
penalized less. NWTF scores higher than refurbished or reinvested Semper facilities, and Standley Lake 
scores highest as the new facility in all alternatives.  

• Types of Treatment Plants: Alternatives with fewer types of treatment facilities score highest as this 
decreases operational complexity and facilitates cross-training between facilities. Alternative 5, which 
retires NWTF to eliminate membrane filtration as a type of treatment, is scored highest for this criterion.  

• Ease of Maintenance and Repairs: Standley Lake scores the highest because it has the most treatment 
trains out of all Alternatives and will be the least complex to repair. Semper is fairly modular, but is 
penalized because of the potential complexity of future repairs. NWTF is most heavily penalized due to 
single trains and points of failure that would require full plant shutdown. 
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Based on this comparative breakdown of the facilities, each alternative was scored for all criteria. The 
categories are not weighted or altered, so the total scores are a true average for each alternative. The non-
monetary scoring for operations and maintenance complexity are shown in Table 7.  

Table 7. Operations and Maintenance Complexity Non-monetary Scoring 

 Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 

Number of Plants 3 3 3 5 5 5 

Age of Plants 1 4 4 5 5 3 

Number of Types of Treatment Plants 3 3 3 4 4 5 

Ease of repairs while in service 2 3 3 5 5 4 

TOTAL SCORE1 2.25 3.25 3.25 4.75 4.75 4.25 

1A score of 5 is the most favorable and a score of 1 is least favorable. 

Alternatives 4a and 4b take into account the complex O&M activities that will occur due to the age of the 
infrastructure in place. Therefore, retiring Semper scores highest in nearly all categories. Alternative 5 also 
receives a high score by eliminating membrane filtration as a type of treatment facility in use for the City. 
Alternative 2 scores lowest in all criteria due to the majority of treatment still being provided at a Semper 
facility that does not undergo significant upgrades during any phase of the master plan.  

Adaptability and Phasing  
The goal of the Adaptability and Phasing Criterion is to identify the alternatives that provide flexibility in 
meeting growth in future demands at a rate different than that assumed for this Master Plan. The 
complexity of construction activities required for each phase of the master plan and the advantages to 
calculated cash flows can also be determined. The details for measuring and scoring each sub-criterion are 
discussed in Table 8. 

Table 8. Adaptability and Phasing Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Phase in which Capacity is Added   Total treatment capacity added at the  
Phase 2 (2040). 

Alternatives with the greatest treatment 
capacity added at the Phase 2 (2040) are 
scored highest. Delaying the construction of 
additional treatment allows the City to 
match capacity and demand more closely. 
Delay of construction also allows the City to 
plan for the intensive capital outlay via rate 
increases over the long-term and/or 
bonding. 

Difficulty of Phasing  Level of complexity associated with 
construction activities to modify or expand 
treatment facilities. Amount of risk for 
phasing that would cause impacts to 
treatment capacity, schedule, and budget. 

Alternatives with construction projects at 
complex construction sites or with the 
highest risk and uncertainty at existing 
facilities are most heavily penalized.  
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A comparative breakdown of each facility and alternative is listed below. This was ultimately used to create 
the final scoring for each alternative based on these sub-criteria.   
• Phase in which Capacity is Added: Alternatives 4a and 4b have the most treatment added at Phase 2 

(2040) and score highest. Alternative 5 is the next highest score, followed by Alternative 2. Alternatives 
3a and 3b have the least capacity added at Phase 2 (2040) and score lowest.  

• Difficulty in Phasing: Standley Lake will be the facility that can be most easily expanded at future phases 
and is scored highest. NWTF is the next highest scoring facility as phasing will be more difficult than at 
Standley because of space limitations. Both refurbished and reinvested Semper facilities will be 
extremely difficult for future phasing and are the most heavily penalized. 

Based on this comparative breakdown of the facilities, each alternative was scored for all criteria. The 
categories are not weighted or altered, so the total scores are a true average for each alternative. The non-
monetary scoring for adaptability and phasing are shown in Table 9.  

Table 9. Adaptability and Phasing Non-monetary Scoring 

 Alt 2 Alt 3 Alt 3b Alt 4 Alt 4b  Alt 5 

Phase in which Capacity is Added 3 2 2 5 5 4 

Difficulty in Phasing  1 3 3 5 5 2 

TOTAL SCORE1 2 2.5 2.5 5 5 3 

1A score of 5 is the most favorable and a score of 1 is least favorable. 

Alternatives 4a and 4b score highest in all categories by providing the most treatment at Phase 2 (2040) and 
providing the greatest amount of treatment capacity at Standley Lake, which would be the most easily 
expanded facility. 

Ability to Exceed Internal Water Quality Goals  
This criterion is used to identify the alternatives that meet both current and future regulations, along with 
meeting or exceeding Partnership for Safe Water goals. Alternatives are evaluated for robustness of current 
treatment processes, multi-barrier treatment facilities, and the ability to add treatment if needed in the 
future. The Level-of-Service Goals TM documents the City’s water quality and demand reliability goals. The 
City’s water quality goals are to meet or exceed that required by regulatory standards at maximum day 
production. (Explicit goals with more granularity are provided in the Level-of-Service Goals TM.) There is 
limited flexibility in the hydraulic profile or footprint at either of the two existing plants to accommodate 
additional treatment for future regulations, and some of the technology used is outdated. This criterion is 
aimed at characterizing the non-monetary benefit of a plant with flexibility to exceed the robust internal 
Water Quality Goals already established by the City of Westminster.  

The details for measuring and scoring of each criteria are discussed in Table 10.  

Table 10. Ability to Exceed Internal Water Quality Goals Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Available Footprint for  
Future Treatment  

Total available area at each treatment 
facility that could be used for new 
treatment processes. 

Alternatives with more available footprint 
for future treatment facilities are scored 
highest.  

Ability to Meet Current/ 
Foreseen Regulations  

Number of barriers for removal of regulated 
water quality parameters and effectiveness 
of each barrier for removal.   

Alternatives with the most robust, multi-
barrier treatment facilities in total are 
scored highest. 

Ability to Meet Future Regulations  Ability to alter treatment processes to 
adapt to changing regulations. Number of 
barriers for removal of potentially regulated 
water quality parameters.   

Alternatives with the highest capacity 
treated with new construction facilities are 
scored highest.  
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A comparative breakdown and final scoring of each facility and alternative sub-criteria are listed below.  

• Available Footprint for Future Treatment:  Standley Lake has the greatest footprint for future treatment 
and scores highest in all alternatives. Reinvested Semper alternatives create additional footprint by 
retiring facilities and trains, so those alternatives scores higher than a refurbished Semper facility, which 
has limited space for new facilities. NWTF has no footprint for additional facilities and is most heavily 
penalized.  

• Ability to Meet Current/Foreseen Regulations: Standley Lake scores highest as the most modern 
facility, designed around current/foreseen regulations. Reinvested Semper alternatives score higher 
than refurbished Semper alternatives as reinvesting in Semper will add deep bed filters that will be more 
robust while also providing space for additional treatment. NWTF also scores higher than refurbished 
Semper as the membrane filters provide a positive barrier against pathogens.  

• Ability to Meet Future Regulations: Standley Lake scores highest as the facility with the greatest 
flexibility to change or add treatment processes to meet future regulations. Reinvested Semper 
alternatives score higher than refurbished Semper alternatives based on some space being available for 
additional treatment. NWTF will score the same as refurbished Semper as future regulations are not 
likely to be pathogen driven because pathogens are removed by membranes.   

Based on this comparative breakdown of the facilities, each alternative was scored for all criteria. The 
categories are not weighted or altered, so the total scores are a true average for each alternative. The non-
monetary scoring for adaptability and phasing are shown in Table 11.  

Table 11. Ability to Exceed Internal Water Quality Goals Non-monetary Scoring 

 Alt 2 Alt 3 Alt 3b Alt 4 Alt 4b Alt 5 

Available Footprint for  
Future Treatment 2 4 4 5 5 3.5 

Ability to Meet Current/ 
Foreseen Regulations  2 3 3 5 5 4 

Ability to Meet Future 
Regulations 1 3.5 3.5 5 5 4 

TOTAL SCORE1 1.67 3.5 3.5 5 5 3.83 

1A score of 5 is the most favorable and a score of 1 is least favorable. 

Once again, Alternatives 4a and 4b score highest in all categories by providing the greatest treatment 
capacity at Standley Lake, which will have the most flexibility to alter or add treatment processes to meet 
future needs. Alternative 2 does not provide significant ability to provide additional treatment and thus 
scores the lowest.  

Benchmarking Against Peers 
In an informal survey of eight peer utilities of the City of Westminster, it was reported that excess “reserve” 
capacity was minimized due to the heavy capital cost of underutilized infrastructure. It was very unusual for 
any utility to be able to operate with one plant out of service, and many had limited modularity. Some 
utilities have experienced an unintended excess in treatment capacity despite population growth as a result 
of a decrease in per capita demand (e.g., conservation, low-flush toilets) and therefore delayed or deferred 
planned expansions. The City of Westminster had an interest in characterizing how each alternative would 
benchmark the City against its peers. For this particular criterion, excess capacity was penalized as the goal 
was to evaluate how closely each alternative matches the approach at the peer utilities of Westminster. The 
details for measuring and scoring this criterion are discussed in Table 12. 
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Table 12. Benchmarking Against Peers Non-monetary Design Criteria  
Criterion Method of Measurement Method of Scoring 

Total Capacity of All Facilities  Total treatment capacity that exceeds the 
future maximum daily demand  

Alternatives with the highest capacity 
above the future maximum daily demand 
are most heavily penalized  

 

A comparative breakdown and final scoring of each facility and alternative sub-criteria is listed below.   
• Total Capacity of All Facilities:  Each alternative provides similar or greater total capacity than 

Westminster’s peers when measured as a percent of maximum day demand, so alternatives with higher 
total capacity are penalized.  Alternative 2 has the greatest total capacity, followed by Alternatives 4a 
and 4b, which have equal capacity, then Alternatives 3a and 3b, which also have the same capacity. 
Alternative 5 scores highest in this category as it has the lowest total capacity above the maximum daily 
demand and is most similar to the approach currently followed by Westminster’s peer utilities. The 
scores are shown in Table 13.  

Table 13. Benchmarking Against Peers Non-monetary Scoring 

 Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 

Total Capacity of All Facilities  2 4 4 3 3 5 

TOTAL SCORE1 2 4 4 3 3 5 

1A score of 5 is the most favorable and a score of 1 is least favorable. 

Non-Monetary Scoring Summary and Relative Benefit Calculation 
Table 14 summarizes the scoring for the alternatives across all criteria for easy comparison.  

Table 14. Non-monetary Scoring Summary  

 Alt 2 Alt 3a Alt 3b Al 4a Alt 4b Alt 5 

Sustainability and Good Neighbor 3.33 3.5 3.5 4.5 4.5 3.33 

Production Reliability (Quantity) 3.75 4.3 3.8 4.3 3.8 3.25 

Operations & Maintenance Complexity 2.3 3.3 3.3 4.8 4.8 4.3 

Adaptability and Phasing 2 2.5 2.5 5 5 3 

Ability to Exceed Internal WQ Goals 1.7 3.5 3.5 5 5 3.8 

Bench-marking against Peers 2 4 4 3 3 5 

Sum of Non-Monetary 14.6 21 20.5 26.5 26 22.6 

Non-Monetary Relative Rank 6 4 5 1 2 3 

 

Based on raw non-monetary scoring, Alternatives 4a and 4b rank the highest. However, these numbers do 
not take into account the weighting for each criteria as shown in Table 1. The weighted benefits must take 
these scores and multiply them by the weighting to determine ultimate scoring for the alternatives. The 
weighted benefits are shown in Table 15.  
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Table 15. Weighted Benefit Scoring Summary  

Category Weighting Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 

Sustainability and Good 
Neighbor/ Land Requirements 

0.140  0.47  0.49 0.49  0.63  0.63  0.47 

Production Reliability 
(Quantity) 

 0.360  1.35  1.53 1.35  1.53  1.35  1.17 

Operation & Maintenance 
Complexity 

 0.100  0.23  0.33 0.33  0.48  0.48  0.43 

Adaptability and Phasing  0.310  0.62  0.78 0.78  1.55  1.55  0.93 

Ability to Exceed Internal  
WQ Goals 

 0.020  0.03  0.07 0.07  0.10  0.10  0.08 

Benchmarking against Peers  0.070  0.14  0.28 0.28  0.21  0.21  0.35 

TOTAL SCORE  1.00  2.72  3.47 3.29  4.50  4.32  3.35 

        

 
Figure 1. Weighted Benefit Score Results 

From the weighted benefits summary, Alternatives 4a and 4b still provide the greatest benefit overall by a 
significant margin and are the recommended alternatives from this exercise. Alternatives 3, 5, and 6 all 
score similarly to one another, but they are still a tier below Alternatives 4a and 4b in terms of scoring. 
Alternative 2 scored significantly lower than all other options, and is therefore the least desirable alternative 
from a non-monetary standpoint.  
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Sensitivity Analysis 
To assess the degree of uncertainty in the Alternatives’ benefit scores presented in Table 15, a sensitivity 
analysis was performed using a Monte Carlo simulation of 10,000 trials. The simulation was developed 
based on potential scoring errors. For the simulation, the effects of uncorrelated, normally distributed 
scoring errors were assessed at the sub-criterion level. A standard deviation of 0.554 was used to 
approximate a 10-percent possibility that the relative ranking of two alternatives whose assigned scores 
differed by 1 was incorrect. For example, an alternative judged to provide less benefit and assigned a score 
of 3 has an approximate 10-percent probability of providing more benefit and should have been scored 
higher than an alternative given a score of 4.  

In a few instances, the differences between weighted benefit alternative scores is 0.5. Intuitively, one would 
expect these more closely scored alternatives to exhibit more error in their respective rankings. The 
simulation confirms and reflects this expectation; when the score between alternatives differs by 0.5, the 
ranking changes in approximately 26 percent of the trials.  

Two further rules were applied for the simulation as follows: 
• When two or more alternatives had no difference in their sub-criteria score, the alternatives were 

assumed to be identical; their scores were forced to remain equal in all trials.  
• The “Redundancy in Pipelines” sub-criterion scores for Alternatives 3a and 4a are forced to be greater 

than for Alternatives 3b and 4b because the redundant raw water delivery pipeline to NWTP that is 
included in Alternatives 3a and 4a but omitted in Alternatives 3b and 4b would, by definition, provide 
some benefit in this sub-criterion.  

The relative ranking of alternatives across the 10,000-trial simulation is shown in Table 16. Alternative 4a 
was ranked first in all 10,000 trials. Alternative 4b was ranked second in 9,998 trials. Alternative 3a was 
always ranked above Alternative 3b and was ranked second twice and third overall in approximately 
63 percent of the trials and fourth in all but twelve of the remaining trials. Alternative 5 was approximately 
equally likely to be ranked third, fourth, or fifth. Alternative 3b was most likely to be ranked fifth (68 percent 
of the time). Alternative 2 was ranked last in more than 97 percent of all trials.  

Table 16. Sensitivity Analysis: Relative Ranking of Alternatives 

Rank Alt.2 Alt.3a Alt.3b Alt.4a Alt.4b Alt.5 

1 - - - 10,000 - - 

2 - 2 - - 9,998 - 

3 3 6,350 - - 2 3,645 

4 24 3,636 2,929 - - 3,411 

5 214 12 6,892 - - 2,882 

6 9,759 - 179 - - 62 

 

The distribution of benefit scores for all trials is shown in Figure 1. Note that on the x-axis, 1 represents the 
least benefit and 5 represents the greatest benefit. 

The results of the sensitivity analysis indicate that there is a high degree of confidence that Alternatives 4a 
and 4b will provide the most and second-most benefit, respectively, and that Alternative 2 provides the least 
benefit. Alternatives 3a, 3b, and 5 fall in the middle. Except that Alternative 3a provides more benefit and, 
therefore, ranks higher than Alternative 3b, there is much more uncertainty in the relative ranking of these 
middle three alternatives.  
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Figure 2. Sensitivity Analysis: Distribution of Benefit Scores 

Alternatives 3a and 3b are identical except that Alternative 3b eliminates the raw water pipeline at NWTF. 
Similarly, Alternative 4b is identical to Alternative 4a, but excludes the raw water pipeline at NWTF. To 
provide a clearer picture of the three main criteria, the sub-options Alt 3a and 4a were eliminated in 
Figure 3. Alternative 4b is the clear winner in this figure.  

 
Figure 3. Sensitivity Analysis: Distribution of Benefit Scores (Suboptions 3a and 3b omitted for clarity) 
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To assess the impact modifying the degree of standard deviation has on the outcome of the degree of 
uncertainty in the benefit scores the exercise was modified and repeated. A sensitivity analysis was 
performed using a Monte Carlo simulation of 10,000 trials. The simulation was developed based on 
potential scoring errors. For this revised simulation, the effects of uncorrelated, normally distributed scoring 
errors were assessed at the sub-criterion level. A standard deviation of 1 was used to approximate a 
25-percent possibility that the relative ranking of two alternatives whose assigned scores differed by 1 was 
incorrect. The results still hold even with the larger standard deviation further substantiating the findings 
from the sensitivity analysis.  
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Westminster Master Plan Alternatives –  
Cost-Benefit Analysis  

PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

Purpose and Outcomes  
The purpose of this Technical Memorandum (TM) is to characterize the cost-estimating methodology, 
assumptions, and results of the cost-benefit analysis used to compare the Water Treatment Location 
Alternatives. The major outcome of this effort is documentation of the preferred alternative. The results 
from this analysis are further validated with respect to cost-certainty and other non-monetary factors in the 
Cost Sensitivity Analysis TM.  

The costs presented in this TM are for the purposes of evaluating and comparing the Alternatives. As with 
the Capital Improvement Plan TM, not all projects presented herein will be pursued by the City. The City’s 
ultimate CIP is developed with the the needs of the entire utility balanced against the funds available, with 
the most critical needs for the utility as a whole funded first. The costs identified in this TM will be used to 
estimate the total funding needed by the Utility for the treatment plants to plan for required rates and other 
funding mechanisms between now and 2030. 

A cost model was developed for both capital and lifecycle costs. Capital costs include project components, 
general and discipline-specific allowances, and contractor and City markups. Lifecycle costs include plant 
operation and maintenance costs, including labor, chemicals, and power, and repair and replacement (R&R) 
costs for maintaining aging infrastructure.  

The cost-benefit analysis produced these results: 

• When cost and benefits are weighed, Alternatives 4a and 4b are preferred. 
• The City’s cash flow is best with Alternative 4b. 
• Lifecycle costs are approximately the same for all Alternatives. 
• The City will not be able to consistently meet its reliability goals before 2040. However, the planned 

phased approach will allow the City to make a decision in the future on how to address the reliability 
gap based on actual instead of estimated potable water demand. 

Methodology and Expected Accuracy 
All viable Water Treatment Location Alternatives require a new treatment facility to meet citywide potable 
water demand reliability goals. New water treatment cost estimates were developed using CH2M’s 
experience on similar projects in conjunction with CH2M’s Parametric Cost Estimating System (CPES) tool. 
CPES is a proprietary conceptual design and cost estimating tool that generates conceptual water treatment 
project costs using unit cost information derived from CH2M experience, databases, and market trend 
information. Other miscellaneous capital costs were developed by a CH2M cost estimator using in-house 
information such as typical demolition and repair and replacement data. 

All of the cost estimates have been developed with a presumed range of accuracy consistent with a “Class 5” 
estimate as defined by AACE-International. It is normally expected that an estimate of this type is 
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appropriate for a level of project definition of 0 to 2 percent. A Class 5 estimate is often used for concept 
screening and has an expected accuracy range of between -20 to -50 percent and +30 to +100 percent. 

The cost estimates have been prepared for guidance in project evaluation from the information available at 
the time of the estimate. The final cost for the project will depend on such criteria as actual labor and 
material costs, competitive market conditions, actual site conditions, final project scope, and other 
variables. As a result, the final project cost will vary from the estimates provided. The proximity to actual 
costs will depend on how close the assumptions of this estimate match final project conditions. Because of 
this, project feasibility and funding needs must be carefully reviewed prior to making specific financial 
decisions to help assure proper project evaluation and adequate funding. 

Capital Cost Model 
Model Assumptions 
Capital cost estimates were developed for each of the projects identified in the Plant Inspection Evaluation 
TM. Supporting information on the capital cost delopment is included in Attachment 1. As noted earlier, the 
City will not pursue all the projects on the list. Total Utility needs will be balanced with available funding 
such that the highest priority projects for the Utility as a whole will be completed.  

To develop a project cost estimate, the sum of the known project components is estimated and then general 
and discipline-specific allowances are applied, if appropriate. Types of allowances include general, finishes, 
instrumentation and controls (I&C), mechanical, and electrical. The allowances vary among projects 
depending on the nature and complexity of the improvements. The sum of the known project elements and 
project-specific project allowances yield the project cost estimate.  

Contractor mark-ups, presented in Table 1, are then applied in a cumulative fashion to the project cost 
estimate. The addition of the contractor markups yields the estimated construction cost for the project. The 
contractor contingency is estimated at 30 percent and a City project contingency of 10 percent is added. 

Table 1. Contractor Markups 
Item Value 

Overhead 10% 

Profit 5% 

Mobilization/Bond/Insurance 5% 

Contingency 30% 

City Project Contingency 10% 

 

The non-construction cost markups applied to the construction estimate are summarized in Table 2. The 
addition of non-construction cost markups yields a capital cost appropriate for use in the CIP developed for 
the seleted Water Treatment Location Alternative.  

Table 2. Non-Construction Cost Markups  
Item Value 

Permitting 3% 

Engineering 7% 

Services During Construction 7% 

Commissioning and Startup 3% 

Land/ROW 0% 

Additional Non-Construction Costs 10% 



WESTMINSTER MASTER PLAN ALTERNATIVES – COST-BENEFIT ANALYSIS 

AUGUST 5, 2016  PAGE 3 OF 117 

New Water Treatment Plant Costs  
The costs for a new water treatment plant at a new location will vary based on a number of factors that 
include facility and train size. At the City’s request, CH2M benchmarked the facility costs per capacity of 
treatment plant constructed against three other fairly recent plant cost data points: Binney Water 
Purification Facility (Binney), Denver Water North System Renewal Treatment Plant (Denver Water) and 
Colorado Springs Utilities Edward Bailey Water Treatment Plant (Colorado Springs Utilities). Table 3 presents 
a summary of these data.  

Binney has a higher unit cost because it included multiple additional water treatment plant processes such 
as UV-AOP and carbon absorbers. In the case of Denver Water, its planning estimate is about 10 percent 
lower than the lowest City of Westminster New Water Treatment Plant unit cost derived from the 
construction cost estimates developed using CH2M’s CPES program. Given the size of the Denver Water 
plant, there is some economy of scale that would make construction more affordable on a unit cost basis. 
The unit costs for the new water treatment plant as well as the recently constructed Colorado Springs Utility 
plant fall between the costs for Denver Water and Aurora Water.  

Table 3. Comparison of Anticipated Alternative Water Treatment Plant Costs to Recent Construction Costs 

 
Alt 2 
New 
WTP 

Alt 3 
New WTP 

Alt 4 
New 
WTP 

Alt 5 
New WTP Binney1 

Colorado Springs 
Utilities 

Edward Bailey 
WTP 

Denver Water2 

Construction Cost 
(presented in millons) $56.9 $74.3 $128 $74.3 $244 $125 $320 

Facility Size (MGD) 22 32 56 32 83 50 150 

Cost/Gallon Capacity 
($/gal) 2.6 2.3 2.3 2.3 2.9 2.5 2.1 

1. Construction cost was increased to address the fact that not all infrastructure (e.g. chlorine contact basin) was sized for 83 MGD 
and then escalated to 2015 dollars.  
2 Planning estimate. Includes 30-percent contingency.  

Summary of Capital Cost Estimates 
The capital costs are presented in both 2015 dollars and escalated to the year of construction established for 
each project. A summary of the cost estimates in 2015 dollars is presented in Attachment 2. Not all projects 
make sense for each of the Water Treatment Location Alternatives developed as part of this project. As an 
example, it was determined that mechanical flocculation would not be implemented as part of Semper 
Alternative 4a or 4b. In these alternatives, Semper is retired in 2040 and it was determined that, unless the 
challenge testing at Semper determined mechanical flocculation would be helpful in the event of a 
watershed upset (e.g., fire in the watershed), this would be a lost capital investment and impractical for 
inclusion in the Recommended Capital Improvement Program for Alternatives 4a and 4b. For improvements 
where costs are shown in some, but not all, improvements, it can be assumed similar decisions were made.  

A summary of the cost estimates for dollars escalated to construction year are presented in Table 4. To 
produce escalated capital costs so projects could be presented using their future values, an annual inflation 
rate of 3 percent was applied. Note that, while the location for the City of Westminster New Water 
Treatment Plant has not yet been determined, for purpose of cost estimating herein, the plant is assumed to 
be located near Standley Lake and is often refered to as the “Standley Lake WTP” in much of the cost 
estimating documentation, including Table 4.  
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Table 4. Projects Capital Cost Summary – Escalated to Construction Year Dollars 
Project Description Alternative Cost - Escalated to Construction Year Dollars 

Semper Projects/Construction Year Alt 2 Alt 3a Alt 4a Alt 5 Alt 3b Alt 4b 
Semper Project 4 2017 
Flocculation/Sedimentation 
No Mechanical Flocculation 

2,276,000 2,276,000 N/A 2,276,000 2,276,000 N/A 

Semper Project 7 2017 
Flocculation/Sedimentation, Sludge 
Collection (North Sedimentation Basin) 

564,000 564,000 564,000 564,000 564,000 564,000 

Semper Project 8 2017 
Flocculation/Sedimentation, Sludge Pump 
Vault on South Sedimentation Basin 

126,000 126,000 126,000 126,000 126,000 126,000 

Semper Project 9 2017 
Flocculation/Sedimentation, 
Sedimentation Basin Dewatering Pumps 
(South Side) 

151,000 151,000 151,000 151,000 151,000 151,000 

Semper Project 10 2017 
Flocculation/Sedimentation, Flow to Each 
Sed Basin isn’t Evenly Split 

39,000 39,000 39,000 39,000 39,000 39,000 

Semper Project11b 2017 
Flocculation/Sedimentation, North Side 
Sed Basin Heating, 2) Air stones could be 
used to prevent ice formation (e.g., at 
sludge collectors) 

N/A 10,000 N/A 10,000 10,000 N/A 

Semper Project 11c 2025 
Flocculation/Sedimentation, North Side 
Sed Basin Heating, 3) Insulate building 
only and monitor 

254,000 N/A 254,000 N/A N/A 254,000 

Semper Project 11d 2025 
Flocculation/Sedimentation, North Side 
Sed Basin Heating, 4) Unit heater 
installation to heat building space in 
winter 

40,000 N/A 40,000 N/A N/A 40,000 

Semper Project 12a, 18, and 19 2025 
Filters – Conversion to Deep Bed Filters 

N/A 22,985,000 N/A 29,846,000 22,985,000 N/A 

Semper Project 13a 2017 
Filters, Shallow Media Profile 

2,202,000 N/A 2,202,000 N/A N/A 2,202,000 

Semper Project 14 2017 
Filters, Vulnerable Filter Effluent Piping 

280,000 280,000 280,000 280,000 280,000 280,000 

Semper Project 20a 2017 
Filters, HVAC in Filter Pipe Gallery 

225,000 225,000 N/A 225,000 225,000 N/A 

Semper Project 20b 2017 
Filters, Recoat Rusted Gallery Piping 

0 0 N/A 0 0 N/A 

Semper Project 21 2017 
Filters, Backwash Lagoon Dewatering 
Pumps 

388,000 388,000 388,000 388,000 388,000 388,000 

Semper Project 22 2017 
Filters, Backwash Lagoon Concrete Repair 

683,000 683,000 683,000 683,000 683,000 683,000 

Semper Project 24 2017 
Disinfection, Baffling Upgrades 

36,000 36,000 36,000 36,000 36,000 36,000 

Semper Project 26 2017 
Chemical Feed, Lime Silo Storage Not 
Adequate 

1,144,000 1,144,000 1,144,000 1,144,000 1,144,000 1,144,000 

Semper Project 27 2017 
Chemical Feed, Sodium Hydroxide Feed 

162,000 162,000 162,000 162,000 162,000 162,000 

Semper Project 29 2017 
I&C, Pump Station Radio Link 

123,000 123,000 123,000 123,000 123,000 123,000 
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Table 4. Projects Capital Cost Summary – Escalated to Construction Year Dollars 
Project Description Alternative Cost - Escalated to Construction Year Dollars 

Semper Projects/Construction Year Alt 2 Alt 3a Alt 4a Alt 5 Alt 3b Alt 4b 
Semper Project 30 2017 
Electrical, Old MCCs 

311,000 311,000 311,000 311,000 311,000 311,000 

Semper Project 31 2017 
Electrical, MCC wiring to equipment, 
Wiring from the MCCs to the process 
equipment 

74,000 74,000 74,000 74,000 74,000 74,000 

Semper Project 36 2017 
Rapid Mixing Improvements 

8,000 8,000 8,000 8,000 8,000 8,000 

Semper Project 37 2040 
Solids Handling Upgrades 

40,027,000 20,014,000 0 22,905,000 20,014,000 0 

Semper Project 1, Raw 
Water, Standley Lake 
Outlet Box, NO PROJECT 

Out of Scope 

Semper Project 2, Raw 
Water, Raw Water 
Conveyance 

Out of Scope 

Semper Project 3, Raw 
Water, Water Quality 
(e.g., fire in watershed) 

No Project – Already in progress by Westminster 

Semper Project 5, 
Flocculation/Sedimen-
tation, Corrosion on 
Exposed Areas of Settling 
Plates 

No Project – Already in progress by Westminster 

Semper Project 6, 
Flocculation/Sedimen-
tation, Corrosion on 
Structural Beams 
Supporting Plates 

No Project – Already in progress by Westminster 

Semper Project 11a, 
Flocculation/Sedimen-
tation, North Side Sed 
Basin Heating, 1) Run 
and monitor 
performance and ice 
formation 

No capital investment required. 

Semper Project 15, 
Filters, Filter Influent 
Pipe (goes through old 
clearwell) 

No project for now. Operations staff will monitor. 

Semper Project 16, 
Filters, Filter Backwash 

Not recommended. Only appropriate for deep bed filters. This is addressed in Project 12. 

Semper Project 17, 
Filters, Filter 8 is “Dead 
Filter” 

Not recommended due to influence on combined effluent turbidity sampling 

Semper Project 18, 
Filters, No Air Scour, this 
project is part of deep 
bed filter project 

This project is included in project 12 

Semper Project 19, Filter, 
No filter-to-waste, THIS 
PROJECT IS INCLUDED IN 
PROJECT 12 

This project is included in project 12 
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Table 4. Projects Capital Cost Summary – Escalated to Construction Year Dollars 
Project Description Alternative Cost - Escalated to Construction Year Dollars 

Semper Projects/Construction Year Alt 2 Alt 3a Alt 4a Alt 5 Alt 3b Alt 4b 
Semper Project 23, 
Disinfection, No UV 
Disinfection (as originally 
planned) 

N/A N/A N/A N/A N/A N/A N/A 

Semper Project 25, 
Chemical Feed, Chemical 
Storage and Metering, 
NO PROJECT FOR NOW 

N/A N/A N/A N/A N/A N/A N/A 

Semper Project 28, I&C, 
Raw Water Vault 
Flowmeters 

No Longer a Project 

Semper Project 32 and 
35, Electrical, Empty 
pump bay at High Service 
Pump Station 

N/A N/A N/A N/A N/A N/A N/A 

Semper Project 33, 
Electrical, Utility 
Transformer 
Redundancy, provide an 
additional 2400 V 
transformer as a spare, 
but do not install it 
(equipment purchase 
only) 

N/A N/A N/A N/A N/A N/A N/A 

Semper Project 34, 
Electrical, Corroded 
Electrical Boxes, leave 
item, but no project for 
now 

N/A N/A N/A N/A N/A N/A N/A 

Semper Project 35, High 
Service Pump Station, 
New 400 HP Pump, 
INCLUDED IN PROJECT 32 

N/A N/A N/A N/A N/A N/A N/A 

Northwest Projects/Construction Year Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 
NW Project 1 2017 
Flocculation/Sedimentation, Rapid Mix 
Box 

122,000 122,000 122,000 122,000 122,000 122,000 

NW Project 2 2017 
Flocculation/Sedimentation, Water level 
transducers at flocculation and 
sedimentation basins – regulates sleeve 
valve 

7,000 7,000 7,000 7,000 7,000 7,000 

NW Project 3 2017 
Membrane Filters, Air Compressor 

143,000 143,000 143,000 N/A 143,000 143,000 

NW Project 4 2017 
Membrane Filters, Refrigerated Dryer 

24,000 24,000 24,000 N/A 24,000 24,000 

NW Project 5 2017 
NW Project 5, Chemical Feed, Ferric/ACH* 

121,000 121,000 121,000 N/A 121,000 121,000 

NW Project 6a 2017 
Chemical Feed, Replace Resin Coating in 
Storage Tanks 

57,000 57,000 57,000 N/A 57,000 57,000 

NW Project 6b 2017 
Chemical Feed, Rest of Original Scope 

233,000 233,000 233,000 N/A 233,000 233,000 

NW Project 7 2017 
Chemical Feed, Ammonia 

115,000 115,000 115,000 N/A 115,000 115,000 

NW Project 8 2017 
Chemical Feed, Caustic 

338,000 338,000 338,000 N/A 338,000 338,000 
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Table 4. Projects Capital Cost Summary – Escalated to Construction Year Dollars 
Project Description Alternative Cost - Escalated to Construction Year Dollars 

Northwest Projects/Construction Year Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 
NW Project 9 2017 
Chemical Feed, Floor Drains 

10,000 10,000 10,000 10,000 10,000 10,000 

NW Project 10 2017 
Clearwell, Back-up for Clearwell Radar 
Unit 

18,000 18,000 18,000 18,000 18,000 18,000 

NW Project 11a 2025 
Clearwell, Clearwell, serpentine pipe for 
CT backup 

N/A 2,026,000 2,026,000 N/A 2,026,000 2,026,000 

NW Project 11b 2025 
Clearwell, Clearwell, Recoat Tank 

N/A 1,619,000 1,619,000 N/A 1,619,000 1,619,000 

NW Project 12 2017 
Electrical, Arc Flash Study 

172,000 172,000 172,000 172,000 172,000 172,000 

NW Project 13 2017 
HVAC, Ventilated Cooling 

15,000 15,000 15,000 15,000 15,000 15,000 

NW Project 14 2025 
Flocculation/Sedimentation, Add 
Flocculation/Sedimentation 

N/A 12,559,000 12,559,000 N/A 12,559,000 12,559,000 

NW Project 15 2025 
New Raw Water Pipeline for NWTF 

N/A 20,997,000 20,997,000 N/A 0 0 

NW Project R&R, Raw 
Water, Raw Water Flow 
Meter, Pressure 
Transducer & Sleeve 
Valve 

N/A N/A N/A N/A N/A N/A N/A 

NW Project R&R, 
Membrane Filters, Clean 
In Place procedure 

N/A N/A N/A N/A N/A N/A N/A 

NW Project R&R, 
Chemical Feed, 
Potassium 
Permanganate 

       

New WTP Projects/Construction Year Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 
New WTP Varies 
 119,002,000 145,915,000 307,808,000 145,915,000 145,915,000 307,808,000 

Two New Finished Water Pipe- 2025 
lines from the Standley Lake WTP to 
Semper Clearwell/Pump Station 

46,639,000 53,893,000 68,574,000 53,893,000 53,893,000 68,574,000 

N/A: Alternative not analyzed 

Lifecycle Cost Model 
The capital cost model results became inputs to the CPES Lifecycle Tool model. The detailed lifecycle 
estimates for each Alternative are shown in Attachment 1. The majority of the capital projects from Tables 4 
and 5 were lumped together for each year of construction in the column titled “Known Capital Projects.” 
The cost for the new water treatment plant and finished water pipelines was held separate from the 
miscellaneous capital projects as the plant costs are so substantial and vary in magnatitude depending on 
the facility size. (See the Alternatives Analysis TM for more information on plant sizing.)  
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Plant Operation and Maintenance Cost Assumptions 
The CPES lifecycle model allows for manipulation of typical operation and maintenance costs such as labor 
rates, chemical cost, and power consumption. These cost parameters are used to calculate lifecycle costs 
associated with facility operations. Typical operation and maintenance costs are identified in Table 5 along 
with how they were calculated for each water treatment Location. 

Facility Repair and Rehabilitation Costs 
Costs important to capture for the lifecycle model were the current and anticipated costs required to 
maintain aging infrastructure versus new. In collaboration with the City, a repair and replacement model 
was developed to predict the annual costs for maintaining Semper now and in the future. Anecdotally, it has 
been observed that it currently costs $4 million per year over and above operation and maintenance costs 
to keep Semper running. These costs are a combination of capital improvement plan costs as well as 
unplanned costs related to age and the integration of older and newer components at the plant. It is 
anticipated that these unplanned costs will increase in real terms over time.  

The repair and rehabilitation model developed estimates annual repair and rehabilitation (R&R) as a 
function of the age of the plant and its original value using the following equation: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅&𝑅𝑅 = 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴 (𝑦𝑦𝑦𝑦𝑦𝑦) ∗ 𝑅𝑅&𝑅𝑅 𝑝𝑝𝐴𝐴𝑦𝑦 𝑌𝑌𝐴𝐴𝐴𝐴𝑦𝑦 𝑜𝑜𝑜𝑜 𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴 (%/𝑦𝑦𝑦𝑦)
∗ 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃 𝑅𝑅𝐴𝐴𝑝𝑝𝐴𝐴𝐴𝐴𝑅𝑅𝐴𝐴𝑅𝑅𝐴𝐴𝐴𝐴𝑃𝑃 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑅𝑅𝑚𝑚𝐴𝐴𝐴𝐴𝑚𝑚𝑜𝑜𝐴𝐴 𝑑𝑑𝑜𝑜𝐴𝐴𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦) ∗ 𝐹𝐹𝑦𝑦𝐴𝐴𝑅𝑅𝑃𝑃𝑚𝑚𝑜𝑜𝐴𝐴 𝑜𝑜𝑜𝑜 𝑂𝑂𝑦𝑦𝑚𝑚𝐴𝐴𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃  

For Semper WTP, the annual R&R percentage was considered to be a random variable whose most likely 
value was estimated to be 0.05 percent of the facility’s value per year of facility age. Setting Semper’s age at 
46 years (based on original construction in 1969), this value results in estimated R&R costs for 2015 at 
2.35 percent of the facility’s value, or slightly over $2 million in excess of the capital projects already 
identified for the plant that year. The goal was to calibrate the R&R model so that the sum of the annual 
R&R estimate plus the known capital projects mimics the current spend rate for Semper of approximately 
$4 million per year. The R&R costs for Semper are estimated to increase to about $4.2 million (in real, 
uninflated 2015 dollars) by the end of the planning horizon. That R&R estimate is in addition to the known 
projects already identified for the plant in the CIP. For alternatives that involve retiring Semper, R&R costs 
held steady at their initial (current) R&R estimates on the basis that any future investment to further 
lengthen the life of the plant would not be taken. This model was developed to yield higher annual R&R 
estimates for older and larger plants. The same model was applied to the new plant and NWTF. The plant 
replacement value is the model element that takes into account facility size. 

It should be noted that the plant replacement values are not campus values. Semper and the new water 
treatment plant will have very different campus values, particularly in the future given the anticipated cost 
of real estate near the “New Downtown” in Westminster. For the purpose of these R&R models, the cost of 
land was excluded and the model focused on what it would take to maintain equipment within the concrete 
exterior walls of the plant based on the facility rather than campus cost. This strategy allows for an apples-
to-apples comparison between the Water Treatment Location Alternatives. The value of the land is included 
in the salvage value in the model when a plant is retired.  
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Table 5. Operation and Maintenance Costs  

 Notes Semper HSPS Semper Standley Lake NWTF 

Gas Historical data indicate that annual expense for gas is the same at Semper 
and NWTF ($38,000/year). Assumption is that City will pay same for the 
new WTP. Annual expense for gas at Semper HSPS is $6,200/year.  

$6,200 per year $38,000 per year $38,000 per year $38,000 per year 

Electric  For many assets (like Semper and Standley Lake WTPs), the cost of “keeping 
the lights on” is fixed and not proportional to flow. Exceptions to this 
include pump stations and the membrane plant. Those costs are assumed 
to be proportional to flow.  

$20,000/MG per 
year 

$104,500 per 
year 

Varies 
depending on 
plant size. 
Similar to 
Semper. 

$47,300/MG 
Produced per 
year 

Chemical  Chemical cost data from Semper and NWTF were reviewed. Costs per 
gallon treated were developed for both plants. It is assumed that the 
cost/MG produced would be similar between Semper and the new WTP.  

N/A $37.65/MG 
produced per 
year 

$37.65/MG 
produced per 
year 

$32.31/MG 
produced per 
year 

Residuals Currently, residuals produced at NWTF go to Big Dry Creek WWTP. At 
Semper, solids go to Metro Wastewater Reclamation District. At the new 
WTP, solids handling would be addressed onsite. A sensitivity analysis was 
conducted. It was determined that this annual cost could not be 
differentiated to a degree that impacts the outcome for the preferred 
Alternative. As such, residual costs were not included in the current 
lifecycle model.  

N/A Not included in 
cost model 

Not included in 
cost model 

Not included in 
cost model 

Labor Actual labor costs for Semper WTP and NWTF were used in our cost model. 
It is assumed that the labor to run the new WTP would be half of what it 
takes to run Semper due to more sophisticated controls/ automation, more 
reasonably sized filters, etc.  

N/A $933,000 per 
year 

$156,000 per 
year 

=(Semper 
Labor*0.5) = 
$466,500 per 
year 

Maintenance Actual maintenance costs for Semper WTP and NWTF were used. It is 
assumed that the labor to run Standley Lake would be half of what it takes 
to run Semper due to more sophisticated controls/ automation and more 
reasonably sized filters, etc. 

N/A $194,000 per 
year 

$30,000 per year = (~Semper 
Labor*0.5) = 
$100,000 per 
year 

CIP (Non 
UPED) 

This is a non-engineering division capital projects sum set aside for each 
plant. It is assumed this number is fixed.  

N/A $100,000 per 
year 

$100,000 per 
year 

$100,000 per 
year 

Instruments Based on historical data, it is assumed that instrument costs are fixed and 
approximately $25,000/year.  

N/A $25,000 per year $25,000 per year $25,000 per year 
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To calculate the fraction of Semper that is original, the following formula was developed:  

𝐹𝐹𝑦𝑦𝐴𝐴𝑅𝑅𝑃𝑃𝑚𝑚𝑜𝑜𝐴𝐴 𝑜𝑜𝑜𝑜 𝑆𝑆𝐴𝐴𝑅𝑅𝑝𝑝𝐴𝐴𝑦𝑦 𝑃𝑃ℎ𝐴𝐴𝑃𝑃 𝑚𝑚𝑦𝑦 𝑂𝑂𝑦𝑦𝑚𝑚𝐴𝐴𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴 = 1 − (
𝐶𝐶𝑜𝑜𝐴𝐴𝑦𝑦𝑃𝑃𝑦𝑦𝐴𝐴𝑅𝑅𝑃𝑃𝑚𝑚𝑜𝑜𝐴𝐴 𝐶𝐶𝑜𝑜𝑦𝑦𝑃𝑃 𝑜𝑜𝑜𝑜 𝑁𝑁𝐴𝐴𝑁𝑁 𝐼𝐼𝑅𝑅𝑝𝑝𝑦𝑦𝑜𝑜𝐼𝐼𝐴𝐴𝑅𝑅𝐴𝐴𝐴𝐴𝑃𝑃𝑦𝑦

𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑆𝑆𝐴𝐴𝑅𝑅𝑝𝑝𝐴𝐴𝑦𝑦 
) 

𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑆𝑆𝐴𝐴𝑅𝑅𝑝𝑝𝐴𝐴𝑦𝑦 = $2.00 ∗ 𝑆𝑆𝐴𝐴𝑅𝑅𝑝𝑝𝐴𝐴𝑦𝑦 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃 𝐶𝐶𝐴𝐴𝑝𝑝𝐴𝐴𝑅𝑅𝑚𝑚𝑃𝑃𝑦𝑦 𝐴𝐴𝑜𝑜𝑃𝑃𝐴𝐴𝑦𝑦 𝑅𝑅𝐴𝐴𝑚𝑚𝐴𝐴𝐼𝐼𝐴𝐴𝑦𝑦𝑃𝑃𝑅𝑅𝐴𝐴𝐴𝐴𝑃𝑃 (𝐺𝐺𝑃𝑃𝐺𝐺) 
 

Note that the “Value of Semper” is not the campus value ($2.40/GPD) commonly used in the City of 
Westminster asset database, but an intentionally lower value to represent infrastructure/equipment within 
the walls of the plant rather than the Semper campus at large. 

The capital projects, operation and maintenance costs, and repair and replacement estimates are all key 
components in the lifecycle model. The lifecycle model included a discount factor of 3 percent. The discount 
factor addresses both inflation and the discount rate. More information on the discount factor is included in 
Attachment 3.  

The net present value for each Alternative is presented in Table 6. The cost ranking is included with the 
highest cost (corresponding to Alternative 3) being ranked 1. Interestingly, even with an R&R model that 
penalizes aging infrastructure, the costs for the alternatives were very similar, indicating that regardless of 
where you locate conventional water treatment capacity within the City, whether you use existing 
infrastructure or build new, the costs are similar. All were within 6 percent of the average cost of the Water 
Treatment Location Alternatives. At this stage of cost estimating, costs within 10 percent are considered 
equivalent. Thus, for the purposes of this evaluation, the lifecycle costs for all alternatives are equal. 

Table 6. Lifecycle Costs 

 Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 

Net Present Value $ 323,250,000 $ 327,580,000 $ 316,450,000 $ 303,010,000 $ 291,870,000 $ 299,830,000 

Cost Ranking 2 1 3 4 6 5 

 

Cost-Benefit Analysis  
The benefit scores are shown in Figure 1, where the Alternatives are presented from left to right in order of 
decreasing benefit. As shown in the figure, Alternatives 4a and 4b clearly have the greatest benefit to the 
City. Alternatives 3a, 3b, and 5 have similar benefits and, in sum, all are less than those of 4. Alternative 2 is 
of the least benefit to the City. As lifecycle costs are effectively the same at this stage of concept and 
evaluation, the preferred alternative is Alternative 4. As a reminder, Alternatives 4a and 4b are identical 
except for an additional pipeline to Northwest in Alternative 4a. Alternative 4a has higher reliability with the 
parallel raw water pipeline, alternative 4b is the best Alternative with regard to the City’s cash flow.  

The City does not have to make a decision about the raw water pipeline now. It is recommended that 
Alternative 4a be included in the next phases of planning as a conservative placeholder for either 
alternative. The validity of Alternatives 4a and 4b is characterized in more detail in the Cost Sensitivity 
Analysis TM.  



WESTMINSTER MASTER PLAN ALTERNATIVES – COST-BENEFIT ANALYSIS 

AUGUST 5, 2016  PAGE 11 OF 117 

 
Figure 1. Benefit and Cost Summary for Each Water Treatment Location Alternative 

Impact of Delay in Implementation of Recommended Alternative 
Figure 2 characterizes the impact of the recommended alternative phasing relative to the City’s potable 
water demand reliability goals. The total and firm capacity provided by Alternative 4 is compared to the 
City’s projected maximum and average day potable water demands. According the City’s potable water 
demand reliability goals, citywide firm treatment capacity needs to meet the max day demand (MDD). In 
Figure 2, the periods where the City’s firm capacity falls below the MDD projection are emphasized with 
shading. The retiring of Semper in 2040 after the construction of additional capacity at Standley Lake shows 
a drop in total treatment capacity. The firm treatment capacity, however, remains adequate for buildout 
MDD. Train sizing at each plant heavily influences how this demand reliability goal is met.  

As indicated in Figure 2, the City is not currently meeting its demand reliability goal. The earliest feasible 
date between now and buildout to begin phasing in a third facility to meet the City’s demand reliability goal 
was determined to be 2025. Later construction of the first phase of Standley Lake water treatment plant will 
increase the demand reliability “gap” as MDD continues to increase. In theory, the City could elect to build 
all of the 2040 Standley Lake capacity in 2025 to reduce any predicted demand reliability gaps between 2025 
and 2040. However, part of the benefit of this Alternative is the ability to phase implementation. By having a 
phased approach, the City can recalibrate the size of the plant relative to the MDD. If MDD has increased 
more aggressively, an additional train can be added at Standley Lake in 2025. If MDD has not increased as 
anticipated, perhaps the buildout capacity of Standley Lake can be reduced by one train. These decisions can 
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be made at recalibration points that make sense for the City depending on the City’s financial planning, 
engineering, and scheduling horizons.  

A second and potentially equally important benefit of this Alternative 4 is the reduced complexity of the 
construction sequencing when compared to an alternative that requires a rebuild at Semper. With the 
recommended alternative, a new facility is constructed before Semper is retired, making construction 
sequencing at an existing plant a non-issue. 

 

 
Figure 2. Impact of Delay on Phasing of Recommended Alternative 
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ATTACHMENT 1 

Capital and Lifecycle Costs 
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CH2M
CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
PROJECT NO:  662055.03.30.05
PREPARED BY:  E.R.MEYER

3%

2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7
SEMPER PROJECTS:

Semper Project 1, Raw Water, Standley Lake Outlet Box, NO PROJECT Out of 
scope

Semper Project 2, Raw Water, Raw Water Conveyance Out of 
scope

Semper Project 3, Raw Water, Water Quality (e.g fire in watershed), NO PROJECT.  
Already in progress by Westminster. 

N/A

Semper Project 4, Flocculation/Sedimentation , No Mechanical Flocculation 2017 Yes Yes No Yes Yes No $2,144,952 $2,144,952 $0 $2,144,952 $2,144,952 $0 $2,275,580 $2,275,580 $0 $2,275,580 $2,275,580 $0 
Semper Project 5, Flocculation/Sedimentation , Corrosion on Exposed Areas of 
Settling Plates, This project is already in progress and there will be no additional cost.

N/A

Semper Project 6, Flocculation/Sedimentation , Corrosion on Structural Beams 
Supporting Plates

N/A

Semper Project 7, Flocculation/Sedimentation , Sludge Collection (North 
Sedimentation Basin)

2017 Yes Yes Yes Yes Yes Yes $531,989 $531,989 $531,989 $531,989 $531,989 $531,989 $564,387 $564,387 $564,387 $564,387 $564,387 $564,387 

Semper Project 8, Flocculation/Sedimentation , Sludge Pump Vault on South 
Sedimentation Basin

2017 Yes Yes Yes Yes Yes Yes $119,117 $119,117 $119,117 $119,117 $119,117 $119,117 $126,371 $126,371 $126,371 $126,371 $126,371 $126,371 

Semper Project 9, Flocculation/Sedimentation , Sedimentation Basin Dewatering 
Pumps (South Side)

2017 Yes Yes Yes Yes Yes Yes $142,601 $142,601 $142,601 $142,601 $142,601 $142,601 $151,285 $151,285 $151,285 $151,285 $151,285 $151,285 

Semper Project 10, Flocculation/Sedimentation , Flow to Each Sed Basin isn’t evenly 
split

2017 Yes Yes Yes Yes Yes Yes $36,710 $36,710 $36,710 $36,710 $36,710 $36,710 $38,946 $38,946 $38,946 $38,946 $38,946 $38,946 

Semper Project 11a, Flocculation/Sedimentation , North Side Sed Basin Heating, 1) 
Run and monitor performance and ice formation, DO NOTHING

2017 Yes Yes Yes Yes Yes Yes $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Semper Project 11b, Flocculation/Sedimentation , North Side Sed Basin Heating, 2) 
Air stones could be used to prevent ice formation (e.g. at sludge collectors)

2017 No Yes No Yes Yes No $0 $9,039 $0 $9,039 $9,039 $0 $0 $9,589 $0 $9,589 $9,589 $0 

Semper Project 11c, Flocculation/Sedimentation , North Side Sed Basin Heating, 3) 
Insulate building only and monitor

2025 Yes No Yes No No Yes $189,208 $0 $189,208 $0 $0 $189,208 $254,280 $0 $254,280 $0 $0 $254,280 

Semper Project 11d, Flocculation/Sedimentation , North Side Sed Basin Heating, 4) 
Unit heater installation to heat building space in winter

2025 Yes No Yes No No Yes $29,433 $0 $29,433 $0 $0 $29,433 $39,556 $0 $39,556 $0 $0 $39,556 

Semper Project 12a, 18, and 19, Filters , Small Surface Area Filters (leads to a large 
number of units potentially making backwash the capacity limiting component)

2025 No Yes No Yes Yes No $0 $17,102,778 $0 $22,207,927 $17,102,778 $0 $0 $22,984,703 $0 $29,845,596 $22,984,703 $0 

Semper Project 13a, Filters , Shallow Media Profile 2017 Yes No Yes No No Yes $2,075,420 $0 $2,075,420 $0 $0 $2,075,420 $2,201,813 $0 $2,201,813 $0 $0 $2,201,813 
Semper Project 14, Filters , Vulnerable Filter Effluent Piping 2017 Yes Yes Yes Yes Yes Yes $264,188 $264,188 $264,188 $264,188 $264,188 $264,188 $280,277 $280,277 $280,277 $280,277 $280,277 $280,277 
Semper Project 15, Filters , Filter Influent Pipe (goes through old clearwell) 2017 Yes Yes Yes Yes Yes Yes $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 
Semper Project 16, Filters , Filter Backwash N/A
Semper Project 17, Filters , Filter 8 is “Dead Filter” due to influence on combined 
effluent turbidity sampling, NOT RECOMMENDED

N/A

Semper Project 18, Filters , No Air Scour, This project is part of deep bed filter project.  
THIS PROJECT IS INCLUDED IN PROJECT 12.

N/A

Semper Project 19, Filters , No filter-to-waste, THIS PROJECT IS INCLUDED IN 
PROJECT 12.

N/A

Semper Project 20a, Filters , HVAC in Filter Pipe Gallery 2017 Yes Yes No Yes Yes No $212,231 $212,231 $0 $212,231 $212,231 $0 $225,156 $225,156 $0 $225,156 $225,156 $0 
Semper Project 20b, Filters , Recoat Rusted Gallery Piping 2017 Yes Yes No Yes Yes No $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 
Semper Project 21, Filters , Backwash Lagoon Dewatering Pumps 2017 Yes Yes Yes Yes Yes Yes $365,553 $365,553 $365,553 $365,553 $365,553 $365,553 $387,815 $387,815 $387,815 $387,815 $387,815 $387,815 
Semper Project 22, Filters , Backwash Lagoon Concrete Repair 2017 Yes Yes Yes Yes Yes Yes $643,756 $643,756 $643,756 $643,756 $643,756 $643,756 $682,960 $682,960 $682,960 $682,960 $682,960 $682,960 
Semper Project 23, Disinfection, No UV Disinfection (as originally planned) N/A
Semper Project 24, Disinfection, Baffling Upgrades 2017 Yes Yes Yes Yes Yes Yes $33,981 $33,981 $33,981 $33,981 $33,981 $33,981 $36,051 $36,051 $36,051 $36,051 $36,051 $36,051 
Semper Project 25, Chemical Feed, Chemical Storage and Metering, NO PROJECT 
FOR NOW

N/A

Semper Project 26, Chemical Feed, Lime Silo Storage Not Adequate 2017 Yes Yes Yes Yes Yes Yes $1,078,719 $1,078,719 $1,078,719 $1,078,719 $1,078,719 $1,078,719 $1,144,413 $1,144,413 $1,144,413 $1,144,413 $1,144,413 $1,144,413 
Semper Project 27, Chemical Feed, Sodium Hydroxide Feed 2017 Yes Yes Yes Yes Yes Yes $152,959 $152,959 $152,959 $152,959 $152,959 $152,959 $162,275 $162,275 $162,275 $162,275 $162,275 $162,275 
Semper Project 28, I&C, Raw Water Vault Flowmeters, NO PROJECT, NO TAB 
NEEDED

N/A

Semper Project 29, I&C, Pump Station Radio Link 2017 Yes Yes Yes Yes Yes Yes $115,878 $115,878 $115,878 $115,878 $115,878 $115,878 $122,935 $122,935 $122,935 $122,935 $122,935 $122,935 
Semper Project 30, Electrical, Old MCCs 2017 Yes Yes Yes Yes Yes Yes $293,172 $293,172 $293,172 $293,172 $293,172 $293,172 $311,026 $311,026 $311,026 $311,026 $311,026 $311,026 
Semper Project 31, Electrical, MCC wiring to equipment, Wiring from the MCCs to the 
process equipment.

2017 Yes Yes Yes Yes Yes Yes $69,527 $69,527 $69,527 $69,527 $69,527 $69,527 $73,761 $73,761 $73,761 $73,761 $73,761 $73,761 

Semper Project 32 and 35, Electrical, Empty pump bay at High Service Pump Station N/A

Semper Project 33, Electrical,  Utility Transformer Redundancy, Provide an additional 
2400 V transformer as a spare, but do not install it. Equipment purchase only. 

N/A

Semper Project 34, Electrical, Corroded Electrical Boxes, Leave item, but no project 
for now. 

N/A

Alternative Cost (Escalated to Construction Year Dollars)

Assumed Annual Escalation Rate:
CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

COST SUMMARY
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

Alternative Alternative Cost (2015 Dollars)
DESCRIPTION Phase 
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Alternative Cost (Escalated to Construction Year Dollars)

Assumed Annual Escalation Rate:
CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

COST SUMMARY
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

Alternative Alternative Cost (2015 Dollars)
DESCRIPTION Phase 

Semper Project 35, High Service Pump Station, New 400 HP Pump, INCLUDED IN 
PROJECT 32

N/A

Semper Project 36, Rapid Mixing Improvements 2017 Yes Yes Yes Yes Yes Yes $7,287 $7,287 $7,287 $7,287 $7,287 $7,287 $7,731 $7,731 $7,731 $7,731 $7,731 $7,731 
Semper Project 37, Solids Handling Upgrades 2040 Yes Yes No Yes Yes No $19,117,298 $9,558,649 $0 $10,939,417 $9,558,649 $0 $40,027,377 $20,013,688 $0 $22,904,709 $20,013,688 $0 
NORTHWEST PROJECTS:
NW Project R&R, Raw Water, Raw Water Flow Meter, Pressure Transducer  & 
Sleeve Valve

N/A

NW Project 1, Flocculation/Sedimentation, Rapid Mix Box 2017 Yes Yes Yes Yes Yes Yes $115,319 $115,319 $115,319 $115,319 $115,319 $115,319 $122,342 $122,342 $122,342 $122,342 $122,342 $122,342 
NW Project 2, Flocculation/Sedimentation, Water level transducers at flocculation and 
sedimentation basins – regulates sleeve valve

2017 Yes Yes Yes Yes Yes Yes $6,953 $6,953 $6,953 $6,953 $6,953 $6,953 $7,376 $7,376 $7,376 $7,376 $7,376 $7,376 

NW Project R&R, Membrane Filters , Clean In Place procedure N/A
NW Project 3, Membrane Filters , Air Compressor 2017 Yes Yes Yes No Yes Yes $135,247 $135,247 $135,247 $0 $135,247 $135,247 $143,483 $143,483 $143,483 $0 $143,483 $143,483 
NW Project 4, Membrane Filters , Refrigerated Dryer 2017 Yes Yes Yes No Yes Yes $22,494 $22,494 $22,494 $0 $22,494 $22,494 $23,864 $23,864 $23,864 $0 $23,864 $23,864 
NW Project R&R, Chemical Feed, Potassium Permanganate N/A
NW Project 5, Chemical Feed, Ferric/ACH* 2017 Yes Yes Yes No Yes Yes $114,453 $114,453 $114,453 $0 $114,453 $114,453 $121,423 $121,423 $121,423 $0 $121,423 $121,423 
NW Project 6a, Chemical Feed, Replace Resin Coating in Storage Tanks 2017 Yes Yes Yes No Yes Yes $53,304 $53,304 $53,304 $0 $53,304 $53,304 $56,550 $56,550 $56,550 $0 $56,550 $56,550 
NW Project 6b, Chemical Feed, Rest of Original Scope 2017 Yes Yes Yes No Yes Yes $219,213 $219,213 $219,213 $0 $219,213 $219,213 $232,563 $232,563 $232,563 $0 $232,563 $232,563 
NW Project 7, Chemical Feed, Ammonia 2017 Yes Yes Yes No Yes Yes $108,022 $108,022 $108,022 $0 $108,022 $108,022 $114,600 $114,600 $114,600 $0 $114,600 $114,600 
NW Project 8, Chemical Feed, Caustic 2017 Yes Yes Yes No Yes Yes $318,546 $318,546 $318,546 $0 $318,546 $318,546 $337,946 $337,946 $337,946 $0 $337,946 $337,946 
NW Project 9, Chemical Feed, Floor Drains 2017 Yes Yes Yes Yes Yes Yes $9,850 $9,850 $9,850 $9,850 $9,850 $9,850 $10,449 $10,449 $10,449 $10,449 $10,449 $10,449 
NW Project 10, Clearwell, Back-up for Clearwell Radar Unit 2017 Yes Yes Yes Yes Yes Yes $17,382 $17,382 $17,382 $17,382 $17,382 $17,382 $18,440 $18,440 $18,440 $18,440 $18,440 $18,440 
NW Project 11a, Clearwell, Clearwell, serpentine pipe for CT back-up 2025 No Yes Yes No Yes Yes $0 $1,507,557 $1,507,557 $0 $1,507,557 $1,507,557 $0 $2,026,031 $2,026,031 $0 $2,026,031 $2,026,031 
NW Project 11b, Clearwell, Clearwell, Recoat Tank 2025 No Yes Yes No Yes Yes $0 $1,204,555 $1,204,555 $0 $1,204,555 $1,204,555 $0 $1,618,821 $1,618,821 $0 $1,618,821 $1,618,821 
NW Project 12, Electrical, Arc Flash Study 2017 Yes Yes Yes Yes Yes Yes $162,230 $162,230 $162,230 $162,230 $162,230 $162,230 $172,109 $172,109 $172,109 $172,109 $172,109 $172,109 
NW Project 13, HVAC, Ventilated Cooling 2017 Yes Yes Yes Yes Yes Yes $14,485 $14,485 $14,485 $14,485 $14,485 $14,485 $15,367 $15,367 $15,367 $15,367 $15,367 $15,367 
NW Project YY, Electrical, Electrical System Reliability Improvements - NO PROJECT N/A

NW Project XX, I&C, Instrumentation - NO PROJECT N/A
NW Project 14, Flocculation/Sedimentation, Add Flocculation/Sedimentation 2025 No Yes Yes No Yes Yes $0 $9,345,442 $9,345,442 $0 $9,345,442 $9,345,442 $0 $12,559,492 $12,559,492 $0 $12,559,492 $12,559,492 
NW Project 15 - New Raw Water Pipeline for NWTF 2025 No Yes Yes No No No $0 $15,623,636 $15,623,636 $0 $0 $0 $0 $20,996,861 $20,996,861 $0 $0 $0 
NEW PLANT PROJECTS:

New Plant 1 - New Plant Varies Yes Yes Yes Yes Yes Yes $74,019,295 $96,571,800 $165,850,100 $96,571,800 $96,571,800 $165,850,100 $119,002,285 $145,914,771 $307,808,162 $145,914,771 $145,914,771 $307,808,162 
New Plant 2 - 2 New Finished Water Pipelines from Standley Lake WTP to Semper
Clearwell/Pump Station

2025 Yes Yes Yes Yes Yes Yes $34,703,713 $40,101,558.08 $51,025,769 $40,101,558 $40,101,558 $51,025,769 $46,638,889 $53,893,141 $68,574,367 $53,893,141 $53,893,141 $68,574,367 

TOTAL COSTS $137,644,484 $198,535,129 $252,004,053 $176,368,578 $182,911,493 $236,380,416 $216,131,681 $287,984,579 $421,546,128 $259,504,859 $266,987,718 $400,549,267

WTP Life Cycle Cost Analysis (includes costs above) $323,251,351 $327,583,701 $303,013,114 $299,829,277 $316,447,088 $291,866,568

Overhead
Profit
Mob/Bonds/Insurance
Contingency
ESCALATION
Material Cost Percent of Total Cost
Tax Rate On Material
Location Adjustment Factor
Permitting
Engineering
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New Standley Lake 
WTP and Finished 

Water Pipeline 
Construction Cost 

New Standley Lake 
Finished Water 

Pipelines 
Maintenance 

Known Capital 
Projects

NWTF 36" Raw 
Water Pipeline 
(Existing and 
Replacement)

New NWTF 30" 
Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,256,615 

2 2017 1.00 $0 $0 $9,585,536 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,330,434 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,404,253 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,478,073 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,551,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,625,711 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,699,530 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,773,349 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,847,169 

10 2025 1.00 $82,682,813 $34,704 $218,641 $15,624 $0 $21,250 $0 $37,402,636 $51,000 $31,000 $6,656,743 

11 2026 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,741,331 

12 2027 1.00 $0 $34,704 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $1,031,000 $6,825,918 

13 2028 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,910,506 

14 2029 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,995,093 

15 2030 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,079,681 

16 2031 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,164,268 

17 2032 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,248,855 

18 2033 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,333,443 

19 2034 1.00 $0 $34,704 $0 $15,624 $0 $321,250 $500,000 $37,403 $51,000 $2,131,000 $7,418,030 

20 2035 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,502,618 

21 2036 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,587,205 

22 2037 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,671,793 

23 2038 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,756,380 

24 2039 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,840,968 

25 2040 1.00 $26,040,195 $34,704 $19,117,298 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,934,676 

26 2041 1.00 $0 $34,704 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $8,013,801 

27 2042 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,092,926 

28 2043 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,172,051 

29 2044 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $8,251,176 

30 2045 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $1,031,000 $8,330,301 

31 2046 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,409,426 

32 2047 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,488,551 

33 2048 1.00 $0 $34,704 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $8,567,676 

34 2049 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,646,801 

35 2050 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,725,926 

36 2051 1.00 $0 $34,704 $0 $15,624 $0 $4,250,000 $0 $37,403 $10,200,000 $31,000 $8,805,051 

37 2052 1.00 $0 $34,704 $0 $15,623,636 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $8,884,176 

38 2053 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $8,963,301 

39 2054 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $9,042,426 

40 2055 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,121,551 

41 2056 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,200,676 

42 2057 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,279,801 

43 2058 1.00 $0 $34,704 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $9,358,926 

44 2059 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,438,051 

45 2060 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,517,176 

46 2061 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,596,301 

47 2062 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $9,675,426 

48 2063 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $1,031,000 $9,754,551 

49 2064 1.00 $0 $34,704 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $9,833,676 

50 2065 1.00 ($21,744,602) $34,704 ($3,867,188) ($11,545,867) $0 ($2,738,750) $0 $37,403 ($7,293,000) $31,000 $9,912,801 

NPV $69,000,623 $622,711 $17,446,372 $3,008,776 $0 $2,374,149 $1,155,876 $28,803,006 $3,189,734 $6,123,888 $191,526,215 $323,251,351 

Alternative 2

Year Escalation Factor



Life Cycle

August 5. 2016 6 of 87

New Standley Lake 
WTP and Finished 

Water Pipeline 
Construction Cost 

New Standley Lake 
Finished Water 

Pipelines 
Maintenance

Known Capital 
Projects

NWTF 36" Raw 
Water Pipeline 
(Existing and 
Replacement)

New NWTF 
30" Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water 
Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,256,615 

2 2017 1.00 $0 $0 $7,519,155 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,330,434 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,404,253 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,478,073 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,551,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,625,711 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,699,530 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,773,349 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,847,169 

10 2025 1.00 $115,162,258 $40,102 $44,783,967 $15,624 $0 $21,250 $0 $37,402,636 $51,000 $31,000 $4,616,973 

11 2026 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,690,792 

12 2027 1.00 $0 $40,102 $0 $15,624 $13,020 $321,250 $0 $37,403 $51,000 $1,031,000 $4,764,611 

13 2028 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,838,430 

14 2029 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,912,250 

15 2030 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,986,069 

16 2031 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,059,888 

17 2032 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,133,707 

18 2033 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,207,526 

19 2034 1.00 $0 $40,102 $0 $15,624 $13,020 $321,250 $500,000 $37,403 $51,000 $2,131,000 $5,281,346 

20 2035 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,355,165 

21 2036 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,428,984 

22 2037 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,502,803 

23 2038 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,576,622 

24 2039 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,650,442 

25 2040 1.00 $21,511,100 $40,102 $9,558,649 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,725,522 

26 2041 1.00 $0 $40,102 $0 $15,624 $13,020 $321,250 $0 $37,403 $51,000 $31,000 $5,790,647 

27 2042 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,855,772 

28 2043 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $5,920,897 

29 2044 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $500,000 $37,403 $51,000 $31,000 $5,986,022 

30 2045 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $1,031,000 $6,051,147 

31 2046 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,116,272 

32 2047 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,181,397 

33 2048 1.00 $0 $40,102 $0 $15,624 $13,020 $321,250 $0 $37,403 $51,000 $31,000 $6,246,522 

34 2049 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,311,647 

35 2050 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,376,772 

36 2051 1.00 $0 $40,102 $0 $15,624 $13,020 $4,250,000 $0 $37,403 $10,200,000 $31,000 $6,441,897 

37 2052 1.00 $0 $40,102 $0 $15,623,636 $13,020 $21,250 $0 $37,403 $51,000 $2,131,000 $6,507,022 

38 2053 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,572,147 

39 2054 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $500,000 $37,403 $51,000 $31,000 $6,637,272 

40 2055 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,702,397 

41 2056 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,767,522 

42 2057 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,832,647 

43 2058 1.00 $0 $40,102 $0 $15,624 $13,020 $321,250 $0 $37,403 $51,000 $31,000 $6,897,772 

44 2059 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,962,897 

45 2060 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $7,028,022 

46 2061 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $7,093,147 

47 2062 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $7,158,272 

48 2063 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $1,031,000 $7,223,397 

49 2064 1.00 $0 $40,102 $0 $15,624 $13,020 $21,250 $500,000 $37,403 $51,000 $31,000 $7,288,522 

50 2065 1.00 ($27,334,672) $40,102 ($10,868,523) ($11,545,867) $13,020 ($2,738,750) $0 ($7,443,125) ($7,293,000) $31,000 $7,353,647 

NPV $89,730,125 $719,569 $42,497,079 $3,008,776 $223,933 $2,374,149 $1,155,876 $27,096,645 $3,189,734 $6,123,888 $151,463,927 $327,583,701 

Year Escalation Factor

Alternative 3
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New Standley 
Lake WTP and 

Finished 
Water Pipeline 
Construction 

Cost 

New Standley 
Lake Finished 

Water 
Pipelines 

Maintenance 
Known Capital 

Projects

NWTF 36" 
Raw Water 

Pipeline 
(Existing and 
Replacement)

New NWTF 30" 
Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,212,615 

2 2017 1.00 $0 $0 $7,228,353 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,242,434 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,272,253 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,302,073 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,331,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,361,711 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,391,530 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,421,349 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,451,169 

10 2025 1.00 $103,628,969 $51,026 $27,899,831 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,219,489 

11 2026 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,263,025 

12 2027 1.00 $0 $51,026 $0 $15,624 $13,020 $321,250 $0 $37,403 $51,000 $1,031,000 $6,306,561 

13 2028 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,350,098 

14 2029 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,393,634 

15 2030 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,437,170 

16 2031 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,480,707 

17 2032 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,524,243 

18 2033 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $6,567,780 

19 2034 1.00 $0 $51,026 $0 $15,624 $13,020 $321,250 $500,000 $37,403 $51,000 $2,131,000 $6,611,316 

20 2035 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,630,852 

21 2036 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,674,389 

22 2037 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,717,925 

23 2038 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,761,462 

24 2039 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $37,403 $51,000 $31,000 $4,804,998 

25 2040 1.00 $113,246,900 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $1,630,967 

26 2041 1.00 $0 $51,026 $0 $15,624 $13,020 $321,250 $0 $0 $51,000 $31,000 $3,620,092 

27 2042 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $3,689,217 

28 2043 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $3,758,342 

29 2044 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $500,000 $0 $51,000 $31,000 $3,827,467 

30 2045 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $1,031,000 $3,896,592 

31 2046 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $3,965,717 

32 2047 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,034,842 

33 2048 1.00 $0 $51,026 $0 $15,624 $13,020 $321,250 $0 $0 $51,000 $31,000 $4,103,967 

34 2049 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,173,092 

35 2050 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,242,217 

36 2051 1.00 $0 $51,026 $0 $15,624 $13,020 $4,250,000 $0 $0 $10,200,000 $31,000 $4,311,342 

37 2052 1.00 $0 $51,026 $0 $15,623,636 $13,020 $21,250 $0 $0 $51,000 $2,131,000 $4,380,467 

38 2053 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,449,592 

39 2054 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $500,000 $0 $51,000 $31,000 $4,518,717 

40 2055 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,587,842 

41 2056 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,656,967 

42 2057 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,726,092 

43 2058 1.00 $0 $51,026 $0 $15,624 $13,020 $321,250 $0 $0 $51,000 $31,000 $4,795,217 

44 2059 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,864,342 

45 2060 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $4,933,467 

46 2061 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $5,002,592 

47 2062 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $31,000 $5,071,717 

48 2063 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $0 $0 $51,000 $1,031,000 $5,140,842 

49 2064 1.00 $0 $51,026 $0 $15,624 $13,020 $21,250 $500,000 $0 $51,000 $31,000 $5,209,967 

50 2065 1.00 ($43,375,174) $51,026 ($5,579,966) ($11,545,867) $13,020 ($2,738,750) $0 ($7,481) ($7,293,000) $31,000 $5,279,092 

NPV $121,302,851 $915,589 $26,300,680 $3,008,776 $223,933 $2,374,149 $1,155,876 $669,130 $3,189,734 $6,123,888 $137,748,507 $303,013,114 

Alternative 4

Year Escalation Factor
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New Standley Lake 
WTP and Finished 

Water Pipeline 
Construction Cost 

New Standley Lake 
Finished Water 

Pipelines 
Maintenance 

Known Capital 
Projects

NWTF 36" Raw 
Water Pipeline 
(Existing and 
Replacement)

New NWTF 30" 
Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,243,490 

2 2017 1.00 $0 $0 $6,547,877 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,304,184 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,364,878 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,425,573 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,341,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,402,586 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,463,280 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,523,974 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,584,669 

10 2025 1.00 $115,162,258 $40,102 $22,207,927 $0 $0 $0 $0 $37,402,636 $51,000 $31,000 $2,883,359 

11 2026 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $4,590,044 

12 2027 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $1,031,000 $4,661,730 

13 2028 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $4,733,416 

14 2029 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $4,805,102 

15 2030 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $4,876,788 

16 2031 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $4,948,474 

17 2032 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,020,159 

18 2033 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,091,845 

19 2034 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $2,131,000 $5,163,531 

20 2035 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,235,217 

21 2036 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,306,903 

22 2037 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,378,589 

23 2038 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,450,275 

24 2039 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,521,960 

25 2040 1.00 $21,511,100 $40,102 $10,939,417 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,767,186 

26 2041 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,833,186 

27 2042 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,899,186 

28 2043 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $5,965,186 

29 2044 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,031,186 

30 2045 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $1,031,000 $6,097,186 

31 2046 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,163,186 

32 2047 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,229,186 

33 2048 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,295,186 

34 2049 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,361,186 

35 2050 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,427,186 

36 2051 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $10,200,000 $31,000 $6,493,186 

37 2052 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $2,131,000 $6,559,186 

38 2053 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,625,186 

39 2054 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,691,186 

40 2055 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,757,186 

41 2056 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,823,186 

42 2057 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,889,186 

43 2058 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $6,955,186 

44 2059 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $7,021,186 

45 2060 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $7,087,186 

46 2061 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $7,153,186 

47 2062 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $7,219,186 

48 2063 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $1,031,000 $7,285,186 

49 2064 1.00 $0 $40,102 $0 $0 $0 $0 $0 $37,403 $51,000 $31,000 $7,351,186 

50 2065 1.00 ($27,334,672) $40,102 ($6,629,469) $0 $0 $0 $0 ($7,443,125) ($7,293,000) $31,000 $7,417,186 

NPV $87,116,626 $719,569 $26,409,283 $137,271 $0 $445,487 $0 $27,096,645 $3,189,734 $6,123,888 $148,590,775 $299,829,277 

Year Escalation Factor

Alternative 5
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New Standley 
Lake WTP and 
Finished Water 

Pipeline 
Construction 

Cost 

New Standley 
Lake Finished 

Water 
Pipelines 

Maintenance 
Known Capital 

Projects

NWTF 36" Raw 
Water Pipeline 
(Existing and 
Replacement)

New NWTF 30" 
Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,256,615 

2 2017 1.00 $0 $0 $7,519,155 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,330,434 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,404,253 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,478,073 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,551,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,625,711 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,699,530 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,773,349 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,847,169 

10 2025 1.00 $115,162,258 $40,102 $29,160,331 $15,624 $0 $21,250 $0 $37,402,636 $51,000 $31,000 $4,616,973 

11 2026 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,690,792 

12 2027 1.00 $0 $40,102 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $1,031,000 $4,764,611 

13 2028 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,838,430 

14 2029 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,912,250 

15 2030 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,986,069 

16 2031 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,059,888 

17 2032 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,133,707 

18 2033 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,207,526 

19 2034 1.00 $0 $40,102 $0 $15,624 $0 $321,250 $500,000 $37,403 $51,000 $2,131,000 $5,281,346 

20 2035 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,355,165 

21 2036 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,428,984 

22 2037 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,502,803 

23 2038 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,576,622 

24 2039 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,650,442 

25 2040 1.00 $21,511,100 $40,102 $9,558,649 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,725,522 

26 2041 1.00 $0 $40,102 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,790,647 

27 2042 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,855,772 

28 2043 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,920,897 

29 2044 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,986,022 

30 2045 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $1,031,000 $6,051,147 

31 2046 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,116,272 

32 2047 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,181,397 

33 2048 1.00 $0 $40,102 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $6,246,522 

34 2049 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,311,647 

35 2050 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,376,772 

36 2051 1.00 $0 $40,102 $0 $15,624 $0 $4,250,000 $0 $37,403 $10,200,000 $31,000 $6,441,897 

37 2052 1.00 $0 $40,102 $0 $15,623,636 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $6,507,022 

38 2053 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,572,147 

39 2054 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $6,637,272 

40 2055 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,702,397 

41 2056 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,767,522 

42 2057 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,832,647 

43 2058 1.00 $0 $40,102 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $6,897,772 

44 2059 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,962,897 

45 2060 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,028,022 

46 2061 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,093,147 

47 2062 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $7,158,272 

48 2063 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $1,031,000 $7,223,397 

49 2064 1.00 $0 $40,102 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $7,288,522 

50 2065 1.00 ($27,334,672) $40,102 ($7,743,796) ($11,545,867) $0 ($2,738,750) $0 ($7,443,125) ($7,293,000) $31,000 $7,353,647 

NPV $89,730,125 $719,569 $31,584,399 $3,008,776 $0 $2,374,149 $1,155,876 $27,096,645 $3,189,734 $6,123,888 $151,463,927 $316,447,088 

Alternative 6

Year Escalation Factor
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New Standley 
Lake WTP and 
Finished Water 

Pipeline 
Construction 

Cost 

New Standley 
Lake Finished 

Water Pipelines 
Maintenance 

Known Capital 
Projects

NWTF 36" Raw 
Water Pipeline 
(Existing and 
Replacement)

New NWTF 30" 
Raw Water 

Pipeline 
Maintenance

NWTF 
Clearwell 

(2MG)
Membrane 

Replacement

Existing 
Semper Raw 

Water Pipeline

Semper 
Clearwell 

(5MG)
Semper HSPS 
Maintenance

Semper HSPS, 
Semper WTP, 

NWTF, and 
Standley Lake 

O&M TOTAL NPV

0 2015 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,182,796 

1 2016 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $2,131,000 $5,212,615 

2 2017 1.00 $0 $0 $7,228,353 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,242,434 

3 2018 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,272,253 

4 2019 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,302,073 

5 2020 1.00 $0 $0 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $31,000 $5,331,892 

6 2021 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,361,711 

7 2022 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,391,530 

8 2023 1.00 $0 $0 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $5,421,349 

9 2024 1.00 $0 $0 $0 $15,624 $0 $21,250 $500,000 $37,403 $51,000 $31,000 $5,451,169 

10 2025 1.00 $103,628,969 $51,026 $12,276,194 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,219,489 

11 2026 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,263,025 

12 2027 1.00 $0 $51,026 $0 $15,624 $0 $321,250 $0 $37,403 $51,000 $1,031,000 $6,306,561 

13 2028 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,350,098 

14 2029 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,393,634 

15 2030 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,437,170 

16 2031 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,480,707 

17 2032 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,524,243 

18 2033 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $6,567,780 

19 2034 1.00 $0 $51,026 $0 $15,624 $0 $321,250 $500,000 $37,403 $51,000 $2,131,000 $6,611,316 

20 2035 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,630,852 

21 2036 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,674,389 

22 2037 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,717,925 

23 2038 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,761,462 

24 2039 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $37,403 $51,000 $31,000 $4,804,998 

25 2040 1.00 $113,246,900 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $1,630,967 

26 2041 1.00 $0 $51,026 $0 $15,624 $0 $321,250 $0 $0 $51,000 $31,000 $3,620,092 

27 2042 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $3,689,217 

28 2043 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $3,758,342 

29 2044 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $500,000 $0 $51,000 $31,000 $3,827,467 

30 2045 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $1,031,000 $3,896,592 

31 2046 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $3,965,717 

32 2047 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,034,842 

33 2048 1.00 $0 $51,026 $0 $15,624 $0 $321,250 $0 $0 $51,000 $31,000 $4,103,967 

34 2049 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,173,092 

35 2050 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,242,217 

36 2051 1.00 $0 $51,026 $0 $15,624 $0 $4,250,000 $0 $0 $10,200,000 $31,000 $4,311,342 

37 2052 1.00 $0 $51,026 $0 $15,623,636 $0 $21,250 $0 $0 $51,000 $2,131,000 $4,380,467 

38 2053 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,449,592 

39 2054 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $500,000 $0 $51,000 $31,000 $4,518,717 

40 2055 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,587,842 

41 2056 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,656,967 

42 2057 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,726,092 

43 2058 1.00 $0 $51,026 $0 $15,624 $0 $321,250 $0 $0 $51,000 $31,000 $4,795,217 

44 2059 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,864,342 

45 2060 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $4,933,467 

46 2061 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $5,002,592 

47 2062 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $31,000 $5,071,717 

48 2063 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $0 $0 $51,000 $1,031,000 $5,140,842 

49 2064 1.00 $0 $51,026 $0 $15,624 $0 $21,250 $500,000 $0 $51,000 $31,000 $5,209,967 

50 2065 1.00 ($43,375,174) $0 ($2,455,239) ($11,545,867) $0 ($2,738,750) $0 $0 ($7,293,000) $31,000 $5,279,092 

NPV $121,302,851 $903,949 $15,388,000 $3,008,776 $0 $2,374,149 $1,155,876 $670,837 $3,189,734 $6,123,888 $137,748,507 $291,866,568 

Year Escalation Factor

Alternative 7
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Phase Year
Average Day 

Demand (MGD)
Max Day 
Demand Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7

Growth 2015 20 43 59 59 59 59 59 59 59 0.34 0.34 0.34 0.34 0.34 0.34 0.34 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2016 20.3 44 59 59 59 59 59 59 59 0.34 0.34 0.34 0.34 0.34 0.34 0.34 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2017 20.5 44 59 59 59 59 59 59 59 0.35 0.35 0.35 0.35 0.35 0.35 0.35 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2018 20.8 45 59 59 59 59 59 59 59 0.35 0.35 0.35 0.35 0.35 0.35 0.35 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2019 21.1 45 59 59 59 59 59 59 59 0.36 0.36 0.36 0.36 0.36 0.36 0.36 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2020 21.3 46 59 59 59 59 59 59 59 0.36 0.36 0.36 0.36 0.36 0.36 0.36 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2021 21.6 46 59 59 59 59 59 59 59 0.37 0.37 0.37 0.37 0.37 0.37 0.37 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2022 21.8 47 59 59 59 59 59 59 59 0.37 0.37 0.37 0.37 0.37 0.37 0.37 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2023 22.1 48 59 59 59 59 59 59 59 0.37 0.37 0.37 0.37 0.37 0.37 0.37 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2024 22.4 48 59 59 59 59 59 59 59 0.38 0.38 0.38 0.38 0.38 0.38 0.38 44 44 44 44 44 44 44 0 0 0 0 0 0 0 0.75 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Growth 2025 22.6 49 59 70 59 73 64.5 59 73 0.38 0.32 0.38 0.31 0.35 0.38 0.31 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2026 22.9 49 59 70 59 73 64.5 59 73 0.39 0.33 0.39 0.31 0.36 0.39 0.31 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2027 23.2 50 59 70 59 73 64.5 59 73 0.39 0.33 0.39 0.32 0.36 0.39 0.32 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2028 23.4 50 59 70 59 73 64.5 59 73 0.40 0.33 0.40 0.32 0.36 0.40 0.32 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2029 23.7 51 59 70 59 73 64.5 59 73 0.40 0.34 0.40 0.32 0.37 0.40 0.32 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2030 24.0 52 59 70 59 73 64.5 59 73 0.41 0.34 0.41 0.33 0.37 0.41 0.33 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2031 24.2 52 59 70 59 73 64.5 59 73 0.41 0.35 0.41 0.33 0.38 0.41 0.33 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2032 24.5 53 59 70 59 73 64.5 59 73 0.42 0.35 0.42 0.34 0.38 0.42 0.34 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2033 24.8 53 59 70 59 73 64.5 59 73 0.42 0.35 0.42 0.34 0.38 0.42 0.34 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2034 25.0 54 59 70 59 73 64.5 59 73 0.42 0.36 0.42 0.34 0.39 0.42 0.34 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2035 25.3 54 59 70 59 73 64.5 59 73 0.43 0.36 0.43 0.35 0.39 0.43 0.35 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2036 25.5 55 59 70 59 73 64.5 59 73 0.43 0.36 0.43 0.35 0.40 0.43 0.35 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2037 25.8 55 59 70 59 73 64.5 59 73 0.44 0.37 0.44 0.35 0.40 0.44 0.35 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2038 26.1 56 59 70 59 73 64.5 59 73 0.44 0.37 0.44 0.36 0.40 0.44 0.36 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Growth 2039 26.3 57 59 70 59 73 64.5 59 73 0.45 0.38 0.45 0.36 0.41 0.45 0.36 44 44 20 44 34 20 44 0 0 0 0 0 0 0 0.75 0.63 0.34 0.60 0.53 0.34 0.60 1.0 1.0 #DIV/0! 1.0 #### #### 1.0
Buildout 2040 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2041 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2042 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2043 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2044 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2045 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2046 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2047 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2048 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2049 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2050 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2051 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2052 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2053 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2054 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2055 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2056 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2057 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2058 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2059 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2060 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2061 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2062 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2063 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2064 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0
Buildout 2065 26.6 57 59 81 67 71 66 67 71 0.45 0.33 0.40 0.37 0.40 0.40 0.37 44 44 20 0 34 20 0 0 0 0 0 0 0 0 0.75 0.54 0.30 0.00 0.52 0.30 0.00 1.0 1.0 #DIV/0! 0.0 #### #### 0.0

Assumption for Plant Value: 

2 dollars per gallon of capacity

LIFECYCLE DETAIL

Total Treatment Capacity (MGD) Fraction of Treatment Capacity Online to Treatment Capacity at Semper Fraction of Citywide Treatment Located Value of Semper Fraction of Semper that is Original 
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Semper 
HSPS 
Gas Cost:

 $  6,200.00 Fixed 
Annual 

Cost

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2016 20.3 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2017 20.5 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2018 20.8 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2019 21.1 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2020 21.3 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2021 21.6 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2022 21.8 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2023 22.1 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2024 22.4 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 15 15 15 15 15 15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 2 2 2 2 2 2 2 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2025 22.6 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2026 22.9 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2027 23.2 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2028 23.4 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2029 23.7 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2030 24.0 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2031 24.2 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2032 24.5 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2033 24.8 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2034 25.0 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2035 25.3 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2036 25.5 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2037 25.8 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2038 26.1 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Growth 2039 26.3 0 11 24 14 24 24 14 0.00 0.16 0.41 0.19 0.37 0.41 0.19 15 15 15 15 0 15 15 0.25 0.21 0.25 0.21 0.00 0.25 0.21 2 3 3 3 2 3 3 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200 $6,200
Buildout 2040 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2041 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2042 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2043 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2044 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2045 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2046 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2047 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2048 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2049 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2050 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2051 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2052 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2053 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2054 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2055 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2056 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2057 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2058 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2059 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2060 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2061 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2062 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2063 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2064 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
Buildout 2065 26.6 0 22 32 56 32 32 56 0.00 0.27 0.48 0.79 0.48 0.48 0.79 15 15 15 15 0 15 15 0.25 0.19 0.22 0.21 0.00 0.22 0.21 2 3 3 2 2 3 2 $6,200 $6,200 $6,200 $0 $6,200 $6,200 $0
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Semper HSPS 
Electric Cost:

 $    20,000 per MGD Semper Chem 
Cost:

 $  37,650.00 per MGD Semper WTP Labor, 
Maintenance, 
Instruments, CIP, 
Gas & Electric Costs:

 $  1,394,509 

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 $298,305 $298,305 $298,305 $298,305 $298,305 $298,305 $298,305 $561,559 $561,559 $561,559 $561,559 $561,559 $561,559 $561,559 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2016 20.3 $302,243 $302,243 $302,243 $302,243 $302,243 $302,243 $302,243 $568,972 $568,972 $568,972 $568,972 $568,972 $568,972 $568,972 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2017 20.5 $306,180 $306,180 $306,180 $306,180 $306,180 $306,180 $306,180 $576,384 $576,384 $576,384 $576,384 $576,384 $576,384 $576,384 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2018 20.8 $310,118 $310,118 $310,118 $310,118 $310,118 $310,118 $310,118 $583,797 $583,797 $583,797 $583,797 $583,797 $583,797 $583,797 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2019 21.1 $314,056 $314,056 $314,056 $314,056 $314,056 $314,056 $314,056 $591,210 $591,210 $591,210 $591,210 $591,210 $591,210 $591,210 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2020 21.3 $317,993 $317,993 $317,993 $317,993 $317,993 $317,993 $317,993 $598,622 $598,622 $598,622 $598,622 $598,622 $598,622 $598,622 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2021 21.6 $321,931 $321,931 $321,931 $321,931 $321,931 $321,931 $321,931 $606,035 $606,035 $606,035 $606,035 $606,035 $606,035 $606,035 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2022 21.8 $325,868 $325,868 $325,868 $325,868 $325,868 $325,868 $325,868 $613,447 $613,447 $613,447 $613,447 $613,447 $613,447 $613,447 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2023 22.1 $329,806 $329,806 $329,806 $329,806 $329,806 $329,806 $329,806 $620,860 $620,860 $620,860 $620,860 $620,860 $620,860 $620,860 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2024 22.4 $333,744 $333,744 $333,744 $333,744 $333,744 $333,744 $333,744 $628,273 $628,273 $628,273 $628,273 $628,273 $628,273 $628,273 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2025 22.6 $337,681 $355,771 $337,681 $359,759 $407,169 $337,681 $359,759 $635,685 $535,792 $288,948 $513,773 $449,325 $288,948 $513,773 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2026 22.9 $341,619 $359,920 $341,619 $363,954 $411,917 $341,619 $363,954 $643,098 $542,040 $292,317 $519,764 $454,565 $292,317 $519,764 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2027 23.2 $345,557 $364,069 $345,557 $368,149 $416,665 $345,557 $368,149 $650,510 $548,287 $295,687 $525,755 $459,804 $295,687 $525,755 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2028 23.4 $349,494 $368,217 $349,494 $372,344 $421,413 $349,494 $372,344 $657,923 $554,535 $299,056 $531,746 $465,043 $299,056 $531,746 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2029 23.7 $353,432 $372,366 $353,432 $376,539 $426,161 $353,432 $376,539 $665,335 $560,783 $302,425 $537,737 $470,283 $302,425 $537,737 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2030 24.0 $357,369 $376,514 $357,369 $380,734 $430,909 $357,369 $380,734 $672,748 $567,031 $305,795 $543,728 $475,522 $305,795 $543,728 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2031 24.2 $361,307 $380,663 $361,307 $384,929 $435,656 $361,307 $384,929 $680,161 $573,278 $309,164 $549,719 $480,762 $309,164 $549,719 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2032 24.5 $365,245 $384,811 $365,245 $389,124 $440,404 $365,245 $389,124 $687,573 $579,526 $312,533 $555,710 $486,001 $312,533 $555,710 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2033 24.8 $369,182 $388,960 $369,182 $393,319 $445,152 $369,182 $393,319 $694,986 $585,774 $315,903 $561,701 $491,241 $315,903 $561,701 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2034 25.0 $373,120 $393,109 $373,120 $397,515 $449,900 $373,120 $397,515 $702,398 $592,022 $319,272 $567,692 $496,480 $319,272 $567,692 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2035 25.3 $377,058 $397,257 $377,058 $401,710 $454,648 $377,058 $401,710 $709,811 $598,269 $322,641 $573,683 $501,720 $322,641 $573,683 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2036 25.5 $380,995 $401,406 $380,995 $405,905 $459,396 $380,995 $405,905 $717,224 $604,517 $326,011 $579,674 $506,959 $326,011 $579,674 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2037 25.8 $384,933 $405,554 $384,933 $410,100 $464,144 $384,933 $410,100 $724,636 $610,765 $329,380 $585,665 $512,199 $329,380 $585,665 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2038 26.1 $388,871 $409,703 $388,871 $414,295 $468,892 $388,871 $414,295 $732,049 $617,013 $332,749 $591,656 $517,438 $332,749 $591,656 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Growth 2039 26.3 $392,808 $413,851 $392,808 $418,490 $473,640 $392,808 $418,490 $739,461 $623,260 $336,119 $597,647 $522,678 $336,119 $597,647 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509 $1,394,509
Buildout 2040 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2041 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2042 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2043 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2044 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2045 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2046 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2047 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2048 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2049 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2050 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2051 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2052 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2053 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2054 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2055 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2056 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2057 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2058 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2059 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2060 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2061 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2062 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2063 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2064 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0
Buildout 2065 26.6 $396,746 $433,481 $412,896 $419,606 $532,000 $412,896 $419,606 $746,874 $544,019 $298,952 $0 $515,919 $298,952 $0 $1,394,509 $1,394,509 $1,394,509 $0 $1,394,509 $1,394,509 $0

Semper WTP Labor, Maintenance, Instruments, CIP, Gas & Electric Costs:

LIFECYCLE DETAIL

Semper HSPS Electric Cost: Semper Chem Cost:
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Semper R&R 
Cost:

 Varies Semper R&R Cost:  Varies Semper R&R Cost: Sum of 
Reinvest and 
Original Plant 

R&R

Semper Date of Construction: 1969 Reinvest Date of Construction: 2025 Semper Date of Construction: 1969

Cost of Semper ($/GPD Capacity) 2.00$           Cost of Semper ($/GPD Capacity) 2.00$              
Reinvest Semper Plant Cost Varies Semper Plant Cost 88,000,000$  

Annual R&R % 0.05% Annual R&R % 0.05% Annual R&R % 0.05%

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2016 20.3 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2017 20.5 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2018 20.8 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2019 21.1 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2020 21.3 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2021 21.6 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2022 21.8 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2023 22.1 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2024 22.4 $0 $0 $0 $2,024,000 $0 $0 $2,024,000 $0 $0 $0 $2,024,000 $0 $0 $2,024,000
Growth 2025 22.6 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2026 22.9 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2027 23.2 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2028 23.4 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2029 23.7 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2030 24.0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2031 24.2 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2032 24.5 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2033 24.8 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2034 25.0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $2,024,000 #DIV/0! #DIV/0! $2,024,000
Growth 2035 25.3 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Growth 2036 25.5 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Growth 2037 25.8 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Growth 2038 26.1 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Growth 2039 26.3 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2040 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2041 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2042 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2043 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2044 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2045 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2046 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2047 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2048 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2049 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2050 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2051 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2052 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2053 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2054 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2055 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2056 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2057 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2058 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2059 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2060 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2061 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2062 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2063 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2064 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0
Buildout 2065 26.6 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0 $0 $0 #DIV/0! $0 #DIV/0! #DIV/0! $0

LIFECYCLE DETAIL

Original Semper Infrastructure R&R Cost Reinvest Semper Infrastructure R&R Cost Total Semper R&R Cost
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NWTP Chem & 
Electric Cost:

 $  79,620.00 per MGD NWTP Labor, 
Maintenance, 
Instruments, CIP, 
Gas Costs:

 $  349,000 NWTP R&R 
Cost:

 Varies 

NWTP Date of Construction: 2004

Membrane Plant Cost ($/GPD c 1.75$                  
Membrane Plant Cost: 26,250,000$     
Annual R&R % 0.05%

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 $404,847 $404,847 $404,847 $404,847 $404,847 $404,847 $404,847 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $144,375 $144,375 $144,375 $144,375 $144,375 $144,375 $144,375
Growth 2016 20.3 $410,191 $410,191 $410,191 $410,191 $410,191 $410,191 $410,191 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $157,500 $157,500 $157,500 $157,500 $144,375 $157,500 $157,500
Growth 2017 20.5 $415,535 $415,535 $415,535 $415,535 $415,535 $415,535 $415,535 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $170,625 $170,625 $170,625 $170,625 $144,375 $170,625 $170,625
Growth 2018 20.8 $420,879 $420,879 $420,879 $420,879 $420,879 $420,879 $420,879 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $183,750 $183,750 $183,750 $183,750 $144,375 $183,750 $183,750
Growth 2019 21.1 $426,223 $426,223 $426,223 $426,223 $426,223 $426,223 $426,223 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $196,875 $196,875 $196,875 $196,875 $144,375 $196,875 $196,875
Growth 2020 21.3 $431,567 $431,567 $431,567 $431,567 $431,567 $431,567 $431,567 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $210,000 $210,000 $210,000 $210,000 $0 $210,000 $210,000
Growth 2021 21.6 $436,911 $436,911 $436,911 $436,911 $436,911 $436,911 $436,911 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $223,125 $223,125 $223,125 $223,125 $0 $223,125 $223,125
Growth 2022 21.8 $442,255 $442,255 $442,255 $442,255 $442,255 $442,255 $442,255 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $236,250 $236,250 $236,250 $236,250 $0 $236,250 $236,250
Growth 2023 22.1 $447,599 $447,599 $447,599 $447,599 $447,599 $447,599 $447,599 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $249,375 $249,375 $249,375 $249,375 $0 $249,375 $249,375
Growth 2024 22.4 $452,943 $452,943 $452,943 $452,943 $452,943 $452,943 $452,943 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $349,000 $262,500 $262,500 $262,500 $262,500 $0 $262,500 $262,500
Growth 2025 22.6 $458,287 $386,271 $458,287 $370,397 $0 $458,287 $370,397 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $275,625 $275,625 $275,625 $275,625 $0 $275,625 $275,625
Growth 2026 22.9 $463,631 $390,775 $463,631 $374,716 $0 $463,631 $374,716 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $288,750 $288,750 $288,750 $288,750 $0 $288,750 $288,750
Growth 2027 23.2 $468,975 $395,279 $468,975 $379,035 $0 $468,975 $379,035 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $301,875 $301,875 $301,875 $301,875 $0 $301,875 $301,875
Growth 2028 23.4 $474,319 $399,783 $474,319 $383,354 $0 $474,319 $383,354 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $315,000 $315,000 $315,000 $315,000 $0 $315,000 $315,000
Growth 2029 23.7 $479,663 $404,288 $479,663 $387,673 $0 $479,663 $387,673 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $328,125 $328,125 $328,125 $328,125 $0 $328,125 $328,125
Growth 2030 24.0 $485,007 $408,792 $485,007 $391,992 $0 $485,007 $391,992 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $341,250 $341,250 $341,250 $341,250 $0 $341,250 $341,250
Growth 2031 24.2 $490,351 $413,296 $490,351 $396,311 $0 $490,351 $396,311 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $354,375 $354,375 $354,375 $354,375 $0 $354,375 $354,375
Growth 2032 24.5 $495,695 $417,800 $495,695 $400,630 $0 $495,695 $400,630 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $367,500 $367,500 $367,500 $367,500 $0 $367,500 $367,500
Growth 2033 24.8 $501,039 $422,304 $501,039 $404,950 $0 $501,039 $404,950 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $380,625 $380,625 $380,625 $380,625 $0 $380,625 $380,625
Growth 2034 25.0 $506,383 $426,809 $506,383 $409,269 $0 $506,383 $409,269 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $393,750 $393,750 $393,750 $393,750 $0 $393,750 $393,750
Growth 2035 25.3 $511,727 $431,313 $511,727 $413,588 $0 $511,727 $413,588 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $406,875 $406,875 $406,875 $406,875 $0 $406,875 $406,875
Growth 2036 25.5 $517,071 $435,817 $517,071 $417,907 $0 $517,071 $417,907 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $420,000 $420,000 $420,000 $420,000 $0 $420,000 $420,000
Growth 2037 25.8 $522,415 $440,321 $522,415 $422,226 $0 $522,415 $422,226 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $433,125 $433,125 $433,125 $433,125 $0 $433,125 $433,125
Growth 2038 26.1 $527,759 $444,826 $527,759 $426,545 $0 $527,759 $426,545 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $446,250 $446,250 $446,250 $446,250 $0 $446,250 $446,250
Growth 2039 26.3 $533,103 $449,330 $533,103 $430,864 $0 $533,103 $430,864 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $459,375 $459,375 $459,375 $459,375 $0 $459,375 $459,375
Buildout 2040 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $472,500 $472,500 $472,500 $472,500 $0 $472,500 $472,500
Buildout 2041 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $485,625 $485,625 $485,625 $485,625 $0 $485,625 $485,625
Buildout 2042 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $498,750 $498,750 $498,750 $498,750 $0 $498,750 $498,750
Buildout 2043 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $511,875 $511,875 $511,875 $511,875 $0 $511,875 $511,875
Buildout 2044 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $525,000 $525,000 $525,000 $525,000 $0 $525,000 $525,000
Buildout 2045 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $538,125 $538,125 $538,125 $538,125 $0 $538,125 $538,125
Buildout 2046 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $551,250 $551,250 $551,250 $551,250 $0 $551,250 $551,250
Buildout 2047 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $564,375 $564,375 $564,375 $564,375 $0 $564,375 $564,375
Buildout 2048 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $577,500 $577,500 $577,500 $577,500 $0 $577,500 $577,500
Buildout 2049 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $590,625 $590,625 $590,625 $590,625 $0 $590,625 $590,625
Buildout 2050 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $603,750 $603,750 $603,750 $603,750 $0 $603,750 $603,750
Buildout 2051 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $616,875 $616,875 $616,875 $616,875 $0 $616,875 $616,875
Buildout 2052 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $630,000 $630,000 $630,000 $630,000 $0 $630,000 $630,000
Buildout 2053 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $643,125 $643,125 $643,125 $643,125 $0 $643,125 $643,125
Buildout 2054 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $656,250 $656,250 $656,250 $656,250 $0 $656,250 $656,250
Buildout 2055 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $669,375 $669,375 $669,375 $669,375 $0 $669,375 $669,375
Buildout 2056 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $682,500 $682,500 $682,500 $682,500 $0 $682,500 $682,500
Buildout 2057 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $695,625 $695,625 $695,625 $695,625 $0 $695,625 $695,625
Buildout 2058 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $708,750 $708,750 $708,750 $708,750 $0 $708,750 $708,750
Buildout 2059 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $721,875 $721,875 $721,875 $721,875 $0 $721,875 $721,875
Buildout 2060 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $735,000 $735,000 $735,000 $735,000 $0 $735,000 $735,000
Buildout 2061 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $748,125 $748,125 $748,125 $748,125 $0 $748,125 $748,125
Buildout 2062 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $761,250 $761,250 $761,250 $761,250 $0 $761,250 $761,250
Buildout 2063 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $774,375 $774,375 $774,375 $774,375 $0 $774,375 $774,375
Buildout 2064 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $787,500 $787,500 $787,500 $787,500 $0 $787,500 $787,500
Buildout 2065 26.6 $538,447 $392,202 $474,155 $447,442 $0 $474,155 $447,442 $349,000 $349,000 $349,000 $349,000 $0 $349,000 $349,000 $800,625 $800,625 $800,625 $800,625 $0 $800,625 $800,625
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Standley 
Lake R&R 
Cost:

 Varies Standley Lake WTP 
Labor, 
Maintenance, 
Instruments, CIP, & 
Gas Cost:

 $  729,500.00 per MGD Standley 
Lake 
Electric 
Cost:

 Varies per MGD Standley Lake 
Chemical Cost:

 $         - $ 37,650.00 per MGD

Phase 1 2025
Phase 2 2040
Cost of Treatment ($/GPD 2.00$        

Annual R&R % 0.05%

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2016 20.3 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2017 20.5 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2018 20.8 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2019 21.1 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2020 21.3 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2021 21.6 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2022 21.8 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2023 22.1 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2024 22.4 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Growth 2025 22.6 $0 $0 $0 $0 $0 $0 $0 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $133,948 $346,737 $163,473 $317,171 $346,737 $163,473
Growth 2026 22.9 $0 $11,000 $24,000 $14,000 $24,000 $24,000 $14,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $135,510 $350,781 $165,379 $320,869 $350,781 $165,379
Growth 2027 23.2 $0 $22,000 $48,000 $28,000 $48,000 $48,000 $28,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $137,072 $354,824 $167,286 $324,568 $354,824 $167,286
Growth 2028 23.4 $0 $33,000 $72,000 $42,000 $72,000 $72,000 $42,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $138,634 $358,867 $169,192 $328,266 $358,867 $169,192
Growth 2029 23.7 $0 $44,000 $96,000 $56,000 $96,000 $96,000 $56,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $140,196 $362,910 $171,098 $331,964 $362,910 $171,098
Growth 2030 24.0 $0 $55,000 $120,000 $70,000 $120,000 $120,000 $70,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $141,758 $366,953 $173,004 $335,663 $366,953 $173,004
Growth 2031 24.2 $0 $66,000 $144,000 $84,000 $144,000 $144,000 $84,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $143,320 $370,997 $174,911 $339,361 $370,997 $174,911
Growth 2032 24.5 $0 $77,000 $168,000 $98,000 $168,000 $168,000 $98,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $144,882 $375,040 $176,817 $343,060 $375,040 $176,817
Growth 2033 24.8 $0 $88,000 $192,000 $112,000 $192,000 $192,000 $112,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $146,443 $379,083 $178,723 $346,758 $379,083 $178,723
Growth 2034 25.0 $0 $99,000 $216,000 $126,000 $216,000 $216,000 $126,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $148,005 $383,126 $180,629 $350,457 $383,126 $180,629
Growth 2035 25.3 $0 $110,000 $240,000 $140,000 $240,000 $240,000 $140,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $149,567 $387,170 $182,535 $354,155 $387,170 $182,535
Growth 2036 25.5 $0 $121,000 $264,000 $154,000 $264,000 $264,000 $154,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $151,129 $391,213 $184,442 $357,854 $391,213 $184,442
Growth 2037 25.8 $0 $132,000 $288,000 $168,000 $288,000 $288,000 $168,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $152,691 $395,256 $186,348 $361,552 $395,256 $186,348
Growth 2038 26.1 $0 $143,000 $312,000 $182,000 $312,000 $312,000 $182,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $154,253 $399,299 $188,254 $365,251 $399,299 $188,254
Growth 2039 26.3 $0 $154,000 $336,000 $196,000 $336,000 $336,000 $196,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $26,127 $57,005 $33,253 $57,005 $57,005 $33,253 $0 $155,815 $403,343 $190,160 $368,949 $403,343 $190,160
Buildout 2040 26.6 $0 $165,000 $360,000 $210,000 $360,000 $360,000 $210,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2041 26.6 $0 $187,000 $392,000 $266,000 $392,000 $392,000 $266,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2042 26.6 $0 $209,000 $424,000 $322,000 $424,000 $424,000 $322,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2043 26.6 $0 $231,000 $456,000 $378,000 $456,000 $456,000 $378,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2044 26.6 $0 $253,000 $488,000 $434,000 $488,000 $488,000 $434,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2045 26.6 $0 $275,000 $520,000 $490,000 $520,000 $520,000 $490,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2046 26.6 $0 $297,000 $552,000 $546,000 $552,000 $552,000 $546,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2047 26.6 $0 $319,000 $584,000 $602,000 $584,000 $584,000 $602,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2048 26.6 $0 $341,000 $616,000 $658,000 $616,000 $616,000 $658,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2049 26.6 $0 $363,000 $648,000 $714,000 $648,000 $648,000 $714,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2050 26.6 $0 $385,000 $680,000 $770,000 $680,000 $680,000 $770,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2051 26.6 $0 $407,000 $712,000 $826,000 $712,000 $712,000 $826,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2052 26.6 $0 $429,000 $744,000 $882,000 $744,000 $744,000 $882,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2053 26.6 $0 $451,000 $776,000 $938,000 $776,000 $776,000 $938,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2054 26.6 $0 $473,000 $808,000 $994,000 $808,000 $808,000 $994,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2055 26.6 $0 $495,000 $840,000 $1,050,000 $840,000 $840,000 $1,050,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2056 26.6 $0 $517,000 $872,000 $1,106,000 $872,000 $872,000 $1,106,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2057 26.6 $0 $539,000 $904,000 $1,162,000 $904,000 $904,000 $1,162,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2058 26.6 $0 $561,000 $936,000 $1,218,000 $936,000 $936,000 $1,218,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2059 26.6 $0 $583,000 $968,000 $1,274,000 $968,000 $968,000 $1,274,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2060 26.6 $0 $605,000 $1,000,000 $1,330,000 $1,000,000 $1,000,000 $1,330,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2061 26.6 $0 $627,000 $1,032,000 $1,386,000 $1,032,000 $1,032,000 $1,386,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2062 26.6 $0 $649,000 $1,064,000 $1,442,000 $1,064,000 $1,064,000 $1,442,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2063 26.6 $0 $671,000 $1,096,000 $1,498,000 $1,096,000 $1,096,000 $1,498,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2064 26.6 $0 $693,000 $1,128,000 $1,554,000 $1,128,000 $1,128,000 $1,554,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
Buildout 2065 26.6 $0 $715,000 $1,160,000 $1,610,000 $1,160,000 $1,160,000 $1,610,000 $0 $729,500 $729,500 $729,500 $729,500 $729,500 $729,500 $0 $52,255 $76,007 $133,011 $76,007 $76,007 $133,011 $0 $272,010 $478,324 $789,908 $485,571 $478,324 $789,908
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Standley Lake Electric Cost: Standley Lake Chemical Cost:Standley Lake WTP Labor, Maintenance, Instruments, CIP, & Gas Cost:Standley Lake R&R Cost
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Salvage 
Value for 
Plants 
and Land 
Resale

$35,000

-$10

346,000

-$8

270,000

Phase Year
Average Day 

Demand (MGD) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7
Growth 2015 20 $3,158,796 $3,158,796 $3,158,796 $3,158,796 $3,158,796 $3,158,796 $3,158,796
Growth 2016 20.3 $3,188,615 $3,188,615 $3,188,615 $5,212,615 $3,175,490 $3,188,615 $5,212,615
Growth 2017 20.5 $3,218,434 $3,218,434 $3,218,434 $5,242,434 $3,192,184 $3,218,434 $5,242,434
Growth 2018 20.8 $3,248,253 $3,248,253 $3,248,253 $5,272,253 $3,208,878 $3,248,253 $5,272,253
Growth 2019 21.1 $3,278,073 $3,278,073 $3,278,073 $5,302,073 $3,225,573 $3,278,073 $5,302,073
Growth 2020 21.3 $3,307,892 $3,307,892 $3,307,892 $5,331,892 $3,097,892 $3,307,892 $5,331,892
Growth 2021 21.6 $3,337,711 $3,337,711 $3,337,711 $5,361,711 $3,114,586 $3,337,711 $5,361,711
Growth 2022 21.8 $3,367,530 $3,367,530 $3,367,530 $5,391,530 $3,131,280 $3,367,530 $5,391,530
Growth 2023 22.1 $3,397,349 $3,397,349 $3,397,349 $5,421,349 $3,147,974 $3,397,349 $5,421,349
Growth 2024 22.4 $3,427,169 $3,427,169 $3,427,169 $5,451,169 $3,164,669 $3,427,169 $5,451,169
Growth 2025 22.6 ($1,635,000) $3,456,988 $4,192,743 #DIV/0! $6,219,489 #DIV/0! #DIV/0! $6,219,489
Growth 2026 22.9 $3,486,807 $4,233,331 #DIV/0! $6,263,025 #DIV/0! #DIV/0! $6,263,025
Growth 2027 23.2 $3,516,626 $4,273,918 #DIV/0! $6,306,561 #DIV/0! #DIV/0! $6,306,561
Growth 2028 23.4 $3,546,445 $4,314,506 #DIV/0! $6,350,098 #DIV/0! #DIV/0! $6,350,098
Growth 2029 23.7 $3,576,265 $4,355,093 #DIV/0! $6,393,634 #DIV/0! #DIV/0! $6,393,634
Growth 2030 24.0 $3,606,084 $4,395,681 #DIV/0! $6,437,170 #DIV/0! #DIV/0! $6,437,170
Growth 2031 24.2 $3,635,903 $4,436,268 #DIV/0! $6,480,707 #DIV/0! #DIV/0! $6,480,707
Growth 2032 24.5 $3,665,722 $4,476,855 #DIV/0! $6,524,243 #DIV/0! #DIV/0! $6,524,243
Growth 2033 24.8 $3,695,541 $4,517,443 #DIV/0! $6,567,780 #DIV/0! #DIV/0! $6,567,780
Growth 2034 25.0 $3,725,361 $4,558,030 #DIV/0! $6,611,316 #DIV/0! #DIV/0! $6,611,316
Growth 2035 25.3 $3,755,180 $4,598,618 #DIV/0! $4,630,852 #DIV/0! #DIV/0! $4,630,852
Growth 2036 25.5 $3,784,999 $4,639,205 #DIV/0! $4,674,389 #DIV/0! #DIV/0! $4,674,389
Growth 2037 25.8 $3,814,818 $4,679,793 #DIV/0! $4,717,925 #DIV/0! #DIV/0! $4,717,925
Growth 2038 26.1 $3,844,637 $4,720,380 #DIV/0! $4,761,462 #DIV/0! #DIV/0! $4,761,462
Growth 2039 26.3 $3,874,457 $4,760,968 #DIV/0! $4,804,998 #DIV/0! #DIV/0! $4,804,998
Buildout 2040 26.6 ($1,920,000) ($1,920,000) $3,904,276 $4,810,676 #DIV/0! $1,630,967 #DIV/0! #DIV/0! $1,630,967
Buildout 2041 26.6 $3,917,401 $4,845,801 #DIV/0! $3,620,092 #DIV/0! #DIV/0! $3,620,092
Buildout 2042 26.6 $3,930,526 $4,880,926 #DIV/0! $3,689,217 #DIV/0! #DIV/0! $3,689,217
Buildout 2043 26.6 $3,943,651 $4,916,051 #DIV/0! $3,758,342 #DIV/0! #DIV/0! $3,758,342
Buildout 2044 26.6 $3,956,776 $4,951,176 #DIV/0! $3,827,467 #DIV/0! #DIV/0! $3,827,467
Buildout 2045 26.6 $3,969,901 $4,986,301 #DIV/0! $3,896,592 #DIV/0! #DIV/0! $3,896,592
Buildout 2046 26.6 $3,983,026 $5,021,426 #DIV/0! $3,965,717 #DIV/0! #DIV/0! $3,965,717
Buildout 2047 26.6 $3,996,151 $5,056,551 #DIV/0! $4,034,842 #DIV/0! #DIV/0! $4,034,842
Buildout 2048 26.6 $4,009,276 $5,091,676 #DIV/0! $4,103,967 #DIV/0! #DIV/0! $4,103,967
Buildout 2049 26.6 $4,022,401 $5,126,801 #DIV/0! $4,173,092 #DIV/0! #DIV/0! $4,173,092
Buildout 2050 26.6 $4,035,526 $5,161,926 #DIV/0! $4,242,217 #DIV/0! #DIV/0! $4,242,217
Buildout 2051 26.6 $4,048,651 $5,197,051 #DIV/0! $4,311,342 #DIV/0! #DIV/0! $4,311,342
Buildout 2052 26.6 $4,061,776 $5,232,176 #DIV/0! $4,380,467 #DIV/0! #DIV/0! $4,380,467
Buildout 2053 26.6 $4,074,901 $5,267,301 #DIV/0! $4,449,592 #DIV/0! #DIV/0! $4,449,592
Buildout 2054 26.6 $4,088,026 $5,302,426 #DIV/0! $4,518,717 #DIV/0! #DIV/0! $4,518,717
Buildout 2055 26.6 $4,101,151 $5,337,551 #DIV/0! $4,587,842 #DIV/0! #DIV/0! $4,587,842
Buildout 2056 26.6 $4,114,276 $5,372,676 #DIV/0! $4,656,967 #DIV/0! #DIV/0! $4,656,967
Buildout 2057 26.6 $4,127,401 $5,407,801 #DIV/0! $4,726,092 #DIV/0! #DIV/0! $4,726,092
Buildout 2058 26.6 $4,140,526 $5,442,926 #DIV/0! $4,795,217 #DIV/0! #DIV/0! $4,795,217
Buildout 2059 26.6 $4,153,651 $5,478,051 #DIV/0! $4,864,342 #DIV/0! #DIV/0! $4,864,342
Buildout 2060 26.6 $4,166,776 $5,513,176 #DIV/0! $4,933,467 #DIV/0! #DIV/0! $4,933,467
Buildout 2061 26.6 $4,179,901 $5,548,301 #DIV/0! $5,002,592 #DIV/0! #DIV/0! $5,002,592
Buildout 2062 26.6 $4,193,026 $5,583,426 #DIV/0! $5,071,717 #DIV/0! #DIV/0! $5,071,717
Buildout 2063 26.6 $4,206,151 $5,618,551 #DIV/0! $5,140,842 #DIV/0! #DIV/0! $5,140,842
Buildout 2064 26.6 $4,219,276 $5,653,676 #DIV/0! $5,209,967 #DIV/0! #DIV/0! $5,209,967
Buildout 2065 26.6 $4,232,401 $5,688,801 #DIV/0! $5,279,092 #DIV/0! #DIV/0! $5,279,092

TOTAL O&M COST (INCLUDES SEMPER HSPS, SEMPER, NWTF, AND STANDLEY LAKE WTP)

TOTAL O&M COST (INCLUDES SEMPER HSPS, SEMPER, NWTF, AND STANDLEY LAKE WTP)

Salvage Value for Plants and Land Resale

Salvage Value per MGD
Semper Land Value per ($/SF)
Semper Land Area (SF)
NWTF Land Value ($ per SF)
NWTF Land Area (SF)

LIFECYCLE DETAIL



jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text

jmailand
Typewritten Text



CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

New Plant 1 - New Plant

Alternative 2
2025 Construction Cost $36,907,000 1 x 11 in 2025

Permitting $1,107,210
Engineering $2,583,490
Permitting $2,583,490
Commissioning & Startup $1,107,210
Land/ROW $0
Additional Non-Construction Costs $3,690,700 Escalated Cost:

Capital Cost Phase 2025 $47,979,100 $64,479,898

Alternative 2
2040 Construction Cost $20,030,920 1 x 11 in 2040. See comment. 

Permitting $600,927.59

Engineering $1,402,164.37

Permitting $1,402,164.37

Commissioning & Startup $600,927.59

Land/ROW $0

Additional Non-Construction Costs $2,003,091.95 Escalated Cost:

Capital Cost Phase 2040 $26,040,195 $54,522,386

TOTAL ALTERNATIVE 2 $74,019,295 $119,002,285

Alternative 3
2025 Construction Cost $57,739,000 3 x 8 in 2025

Permitting $1,732,170

Engineering $4,041,730

Permitting $4,041,730

Commissioning & Startup $1,732,170

Land/ROW $0

Additional Non-Construction Costs $5,773,900 Escalated Cost:

Capital Cost Phase 2025 $75,060,700 $100,875,304

Alternative 3
2040 Construction Cost $16,547,000 $74,286,000 1/3 * 3 x 8 for 2040 no chem cost

Permitting $496,410
Engineering $1,158,290
Permitting $1,158,290
Commissioning & Startup $496,410
Land/ROW $0
Additional Non-Construction Costs $1,654,700 Escalated Cost:

Capital Cost Phase 2040 $21,511,100 $45,039,466
TOTAL ALTERNATIVE 3 $96,571,800 $145,914,771

Alternative 4
2025 Construction Cost $40,464,000 1 x 14 in 2025

Permitting $1,213,920

Engineering $2,832,480

Permitting $2,832,480

Commissioning & Startup $1,213,920

Land/ROW $0

Additional Non-Construction Costs $4,046,400 Escalated Cost:

Capital Cost Phase 2025 $52,603,200 $70,694,302

Alternative 4
2040 Construction Cost $87,113,000 3x14 in 2040

Permitting $2,613,390

Engineering $6,097,910

Permitting $6,097,910

Commissioning & Startup $2,613,390

Land/ROW $0

Additional Non-Construction Costs $8,711,300 Escalated Cost:

Capital Cost Phase 2040 $113,246,900 $237,113,860

TOTAL ALTERNATIVE 4 $165,850,100 $307,808,162

Alternative 5
2025 Construction Cost $57,739,000 3 x 8 in 2025

Permitting $1,732,170

Engineering $4,041,730

Permitting $4,041,730

Commissioning & Startup $1,732,170

Land/ROW $0

Additional Non-Construction Costs $5,773,900 Escalated Cost:

Capital Cost Phase 2025 $75,060,700 $100,875,304

Alternative 5 1/3 * 3x8 in 2040 no chem cost
2040 Construction Cost $16,547,000

Permitting $496,410
Engineering $1,158,290
Permitting $1,158,290
Commissioning & Startup $496,410
Land/ROW $0
Additional Non-Construction Costs $1,654,700 Escalated Cost:

Capital Cost Phase 2040 $21,511,100 $45,039,466
TOTAL ALTERNATIVE 5 $96,571,800 $145,914,771

Alternative 6 Escalated Cost:
2025 Capital Cost $75,060,700 $100,875,304
2040 Capital Cost $21,511,100 $45,039,466
TOTAL ALTERNATIVE 6 $96,571,800 $145,914,771 Same as Alt 3. no RW pipeline cost

Alternative 7 Escalated Cost:
2025 Capital Cost $52,603,200 $70,694,302
2040 Capital Cost $113,246,900 $237,113,860
TOTAL ALTERNATIVE 7 $165,850,100 $307,808,162 Same as Alt 4, no RW pipeline cost

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

New Plant 2 - 2 New Finished Water Pipelines from Standley Lake WTP to Semper Clearwell/Pump Station

ALTERNATIVE 2
Pipelines (2 at 36" diameter) 24,798 LF $594 $14,730,012 Based on CPES
Street Crossings (5 each at 36") 375 LF $430 $161,250 2015 RSM 02445-300-0200
Railroad Crossing (1 each at 36") 50 LF $459 $22,950 2015 RSM 02445-300-0600
Jacking Pits 12 EA $5,000 $60,000 2015 RSM 02445-300-1100

Subtotal $14,974,212
Allowance for Misc Items 5% $14,974,212.00 $748,711 

Subtotal $15,722,923 

ALLOWANCES:
Finishes Allowance 0.00% $15,722,922.60 $0
I & C Allowance 0.00% $15,722,922.60 $0
Mechanical Allowance 0.00% $15,722,922.60 $0
Electrical Allowance 0.00% $15,722,922.60 $0

Subtotal  $15,722,923 

CONTRACTOR MARKUPS:
Overhead 10% $15,722,922.60 $1,572,292
Subtotal $17,295,215
Profit 5% $17,295,214.86 $864,761
Subtotal $18,159,976
Mob/Bonds/Insurance 5% $18,159,975.60 $907,999
Subtotal $19,067,974

Contingency for items without vendor quotes 40% $19,067,974.38 $7,627,190

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $26,695,164

Escalation 0.0% $26,695,164.14 $0
SUBTOTAL Construction Cost with Escalation $26,695,164

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $26,695,164

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $26,695,164

Permitting 3% $26,695,164.14 $800,855 
Engineering 7% $26,695,164.14 $1,868,661 
Permitting 7% $26,695,164.14 $1,868,661 
Commissioning & Startup 3% $26,695,164.14 $800,855 
Land/ROW 0% $26,695,164.14 $0 
Additional Non-Construction Costs 10% $26,695,164.14 $2,669,516 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$34,703,713

ALTERNATIVES 3 and 5
Pipelines (2 at 42" diameter) 24,798 LF $687 $17,036,226 Based on CPES
Street Crossings (5 each at 42") 375 LF $483 $180,938 Based on 2015 RSM 02445-300-0200
Railroad Crossing (1 each at 42") 50 LF $523 $26,150 Based on 2015 RSM 02445-300-0600
Jacking Pits 12 EA $5,000 $60,000 2015 RSM 02445-300-1100

Subtotal $17,303,314
Allowance for Misc Items 5% $17,303,313.50 $865,166 

Subtotal $18,168,479 

ALLOWANCES:
Finishes Allowance 0.00% $18,168,479.18 $0
I & C Allowance 0.00% $18,168,479.18 $0
Mechanical Allowance 0.00% $18,168,479.18 $0
Electrical Allowance 0.00% $18,168,479.18 $0

Subtotal  $18,168,479 

CONTRACTOR MARKUPS:
Overhead 10% $18,168,479.18 $1,816,848
Subtotal $19,985,327
Profit 5% $19,985,327.09 $999,266
Subtotal $20,984,593
Mob/Bonds/Insurance 5% $20,984,593.45 $1,049,230
Subtotal $22,033,823
Contingency for items without vendor quotes 40% $22,033,823.12 $8,813,529
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $30,847,352

Escalation 0.0% $30,847,352.37 $0
SUBTOTAL Construction Cost with Escalation $30,847,352

Tax 0% $0.00 $0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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TOTAL Construction Cost with Escalation & Tax $30,847,352

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $30,847,352

Permitting 3% $30,847,352.37 $925,421 
Engineering 7% $30,847,352.37 $2,159,315 
Permitting 7% $30,847,352.37 $2,159,315 
Commissioning & Startup 3% $30,847,352.37 $925,421 
Land/ROW 0% $30,847,352.37 $0 
Additional Non-Construction Costs 10% $30,847,352.37 $3,084,735 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$40,101,558

ALTERNATIVE 4
Pipelines (2 at 54" diameter) 24,798 LF $875 $21,698,250 Based on CPES
Street Crossings (5 each at 54") 375 LF $602 $225,703 Based on 2015 RSM 02445-300-0300
Railroad Crossing (1 each at 54") 50 LF $660 $33,019 Based on 2015 RSM 02445-300-0700
Jacking Pits 12 EA $5,000 $60,000 2015 RSM 02445-300-1100

Subtotal $22,016,972
Allowance for Misc Items 5% $22,016,971.88 $1,100,849 

Subtotal $23,117,820 

ALLOWANCES:
Finishes Allowance 0.00% $23,117,820.47 $0
I & C Allowance 0.00% $23,117,820.47 $0
Mechanical Allowance 0.00% $23,117,820.47 $0
Electrical Allowance 0.00% $23,117,820.47 $0

Subtotal  $23,117,820 

CONTRACTOR MARKUPS:
Overhead 10% $23,117,820.47 $2,311,782
Subtotal $25,429,603
Profit 5% $25,429,602.52 $1,271,480
Subtotal $26,701,083
Mob/Bonds/Insurance 5% $26,701,082.64 $1,335,054
Subtotal $28,036,137
Contingency for items without vendor quotes 40% $28,036,136.77 $11,214,455
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $39,250,591

Escalation 0.0% $39,250,591.48 $0
SUBTOTAL Construction Cost with Escalation $39,250,591

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $39,250,591

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $39,250,591

Permitting 3% $39,250,591.48 $1,177,518 
Engineering 7% $39,250,591.48 $2,747,541 
Permitting 7% $39,250,591.48 $2,747,541 
Commissioning & Startup 3% $39,250,591.48 $1,177,518 
Land/ROW 0% $39,250,591.48 $0 
Additional Non-Construction Costs 10% $39,250,591.48 $3,925,059 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$51,025,769
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 1, Raw Water, Standley Lake Outlet Box, NO PROJECT

NO PROJECT

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 2, Raw Water, Raw Water Conveyance

Westminster needs to scope this project.  Inspection will show critical pressure zones 
that don't have redundancy. 

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 3, Raw Water, Water Quality (e.g fire in watershed), NO PROJECT.  Already in progress by Westminster. 

NO PROJECT.  Already in progress by Westminster. 

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 4, Flocculation/Sedimentation , No Mechanical Flocculation

Demo internals of existing basins.  Add total of 16 floc units.  (There are 8 trains and 2 
units per train.)  The basins are 37.3' wide each.  Approx 6 mgd per train.  48 mgd total. 
First stage  g value = 50; Second stage g =30.

Demo Basin Internals 8 LS $5,000.00 $40,000
Structural Modifications 32 EA $1,000 $32,000
Install Horizontal Paddle Wheel Floc Units (16 total) 597             LF $1,204.83 $719,042 Based on CPES

Subtotal $791,042
Allowance for Misc Items 5% $791,042.48 $39,552 

Subtotal $830,595 

ALLOWANCES:
Finishes Allowance 2.00% $830,594.60 $16,612 
I & C Allowance 5.00% $830,594.60 $41,530 
Mechanical Allowance 0.00% $830,594.60 $0
Electrical Allowance 10.00% $830,594.60 $83,059 

Subtotal  $971,796 

CONTRACTOR MARKUPS:
Overhead 10% $971,795.69 $97,180
Subtotal $1,068,975
Profit 5% $1,068,975.26 $53,449
Subtotal $1,122,424
Mob/Bonds/Insurance 5% $1,122,424.02 $56,121
Subtotal $1,178,545
Contingency for items without vendor quotes 40% $1,178,545.22 $471,418
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $1,649,963

Escalation 0.0% $1,649,963.31 $0
SUBTOTAL Construction Cost with Escalation $1,649,963

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $1,649,963

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $1,649,963

Permitting 3% $1,649,963.31 $49,499 

Engineering 7% $1,649,963.31 $115,497 

Services During Construction 7% $1,649,963.31 $115,497 

Commissioning & Startup 3% $1,649,963.31 $49,499 

Land/ROW 0% $1,649,963.31 $0 

Additional Non-Construction Costs 10% $1,649,963.31 $164,996 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

2144952.3

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 5, Flocculation/Sedimentation , Corrosion on Exposed Areas of Settling Plates, This project is already in progress and there will be no additional cost.

This project is already in progress and there will be no additional cost.

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 6, Flocculation/Sedimentation , Corrosion on Structural Beams Supporting Plates

16 beams total need to be inspected.  Sandblast and refinish 50% of the beams.  Each 
beam is 37' long.

Inspect, Sandblast, and Refinish Beams 296             LF $50 $14,800

Subtotal $14,800
Allowance for Misc Items 5% $14,800.00 $740

Subtotal $15,540 

ALLOWANCES:
Finishes Allowance 0.00% $15,540.00 $0
I & C Allowance 0.00% $15,540.00 $0
Mechanical Allowance 0.00% $15,540.00 $0
Electrical Allowance 0.00% $15,540.00 $0

Subtotal  $15,540 

CONTRACTOR MARKUPS:
Overhead 10% $15,540.00 $1,554
Subtotal $17,094
Profit 5% $17,094.00 $855
Subtotal $17,949
Mob/Bonds/Insurance 5% $17,948.70 $897
Subtotal $18,846
Contingency for items without vendor quotes 40% $18,846.14 $7,538
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $26,385

Escalation 0.0% $26,384.59 $0
SUBTOTAL Construction Cost with Escalation $26,385

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $26,385

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $26,385

Permitting 3% $26,384.59 $792 

Engineering 7% $26,384.59 $1,847 

Permitting 7% $26,384.59 $1,847 

Commissioning & Startup 3% $26,384.59 $792 

Land/ROW 0% $26,384.59 $0 

Additional Non-Construction Costs 10% $26,384.59 $2,638 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$34,300

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 7, Flocculation/Sedimentation , Sludge Collection (North Sedimentation Basin)

Build 1 new vault with 2 sludge pumps.  The vault is  25' wide  x 30' long  x 11' deep.  
Demo existing pumps, add new sludge pumps, mechanical, I&C.

Vault Interior Width 25 LF

Vault Interior Length 30 LF

Vault Interior Wall Height 11 LF

Bury Depth 1 LF

Slab on Grade Thickness 1 LF

Wall Thickness 1 LF

Elevated Slab Thickness 1 LF

Slab on Grade Width 29 LF

Slab on Grade Length 34 LF

Excavation Width 33 LF

Excavation Length 38 LF

Excavation Depth 14.5 LF

Demolition:

Demo Existing Sludge Pumps 2 LS $1,500.00 $3,000 

Sitework:

Excavation 1,160 CY $3.85 $4,462 

Structural Backfill 23 CY $47.43 $1,101 

Native Backfill 685 CY $7.70 $5,270 

Haul  Excess 475 CY $7.70 $3,653 

Concrete:

Slab Grade  (1 feet thick) 37 CY $442.91 $16,174 

Walls  (1 feet thick) 45 CY $750.50 $33,634 

Elevated Slab  (1 feet thick) 32 CY $1,161.94 $37,182 

Roof Beams 2.8 CY $1,161.94 $3,228 

Access Hatch Curb 0.67 CY $400.43 $267

Metal:

Access Ladder 24.0 VLF $75.00 $1,800 

Sump Grating 2.3 SF $84.65 $190

Moisture Protection:

Aluminum Access Hatch (3' x 3') 2 EA $1,218.00 $2,436 2014 RSM 08310-350-0050

Equipment:

Sludge Pumps 2 EA $18,000.00 $36,000 

Install New 4" Plug Valves 16 EA $1,136 $18,176 Based on 2015 RSM 15110-600-7030
Header/Yard Piping/Basin Piping Modifications 1 EA $10,000 $10,000

Subtotal $176,574
Allowance for Misc Items 5% $176,574.26 $8,829 

Subtotal $185,403 

ALLOWANCES:
Finishes Allowance 2.00% $185,402.97 $3,708 
I & C Allowance 8.00% $185,402.97 $14,832 
Mechanical Allowance 10.00% $185,402.97 $18,540 
Electrical Allowance 10.00% $185,402.97 $18,540 

Subtotal  $241,024 

CONTRACTOR MARKUPS:
Overhead 10% $241,023.86 $24,102
Subtotal $265,126
Profit 5% $265,126.25 $13,256
Subtotal $278,383
Mob/Bonds/Insurance 5% $278,382.56 $13,919
Subtotal $292,302
Contingency for items without vendor quotes 40% $292,301.69 $116,921
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $409,222

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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Escalation 0.0% $409,222.37 $0
SUBTOTAL Construction Cost with Escalation $409,222

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $409,222

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $409,222

Permitting 3% $409,222.37 $12,277 

Engineering 7% $409,222.37 $28,646 

Permitting 7% $409,222.37 $28,646 

Commissioning & Startup 3% $409,222.37 $12,277 

Land/ROW 0% $409,222.37 $0 

Additional Non-Construction Costs 10% $409,222.37 $40,922 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$531,989
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 8, Flocculation/Sedimentation , Sludge Pump Vault on South Sedimentation Basin

Replace existing valves in the south vault. Replace 16 automated 4” keystone valves 
with plug valves. Retrofit piping header to include multiple flushing connection points. 

Remove Existing 4" Automated Keystone Valves 16 EA $454 $7,270
Install New 4" Plug Valves 16 EA $1,136 $18,176 Based on 2015 RSM 15110-600-7030
Retrofit Piping Header 1 EA $10,000 $10,000

Subtotal $35,446
Allowance for Misc Items 5% $35,446.40 $1,772 

Subtotal $37,219 

ALLOWANCES:
Finishes Allowance 0.00% $37,218.72 $0
I & C Allowance 10.00% $37,218.72 $3,722 
Mechanical Allowance 20.00% $37,218.72 $7,444 
Electrical Allowance 15.00% $37,218.72 $5,583 

Subtotal  $53,967 

CONTRACTOR MARKUPS:
Overhead 10% $53,967.14 $5,397
Subtotal $59,364
Profit 5% $59,363.86 $2,968
Subtotal $62,332
Mob/Bonds/Insurance 5% $62,332.05 $3,117
Subtotal $65,449
Contingency for items without vendor quotes 40% $65,448.65 $26,179
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $91,628

Escalation 0.0% $91,628.12 $0
SUBTOTAL Construction Cost with Escalation $91,628

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $91,628

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $91,628

Permitting 3% $91,628.12 $2,749 

Engineering 7% $91,628.12 $6,414 

Permitting 7% $91,628.12 $6,414 

Commissioning & Startup 3% $91,628.12 $2,749 

Land/ROW 0% $91,628.12 $0 

Additional Non-Construction Costs 10% $91,628.12 $9,163 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$119,117

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 9, Flocculation/Sedimentation , Sedimentation Basin Dewatering 
Pumps (South Side)

Replace 1 existing 250 gpm pump with centrifugal self priming pump.  Use existing 
structure. 

Equipment:

Demo Old Pump 1 EA $1,017.50 $1,018 

New Pump (50 hp) 1 EA $29,659.11 $29,659 Based on CPES 0.36 <<<<mgd
AFD (50 hp) 1 EA $10,175.00 $10,175 2015 RSM 16220-900-1190 <<<<mgd
Replace check and isolation valve 2 EA $5,000.00 $10,000 

Subtotal $50,852
Allowance for Misc Items 5% $50,851.61 $2,543 

Subtotal $53,394 

ALLOWANCES:
Finishes Allowance 2.00% $53,394.19 $1,068 
I & C Allowance 4.00% $53,394.19 $2,136 
Mechanical Allowance 10.00% $53,394.19 $5,339 
Electrical Allowance 5.00% $53,394.19 $2,670 

Subtotal  $64,607 

CONTRACTOR MARKUPS:
Overhead 10% $64,606.97 $6,461
Subtotal $71,068
Profit 5% $71,067.66 $3,553
Subtotal $74,621
Mob/Bonds/Insurance 5% $74,621.05 $3,731
Subtotal $78,352
Contingency for items without vendor quotes 40% $78,352.10 $31,341
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $109,693

Escalation 0.0% $109,692.94 $0
SUBTOTAL Construction Cost with Escalation $109,693

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $109,693

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $109,693

Permitting 3% $109,692.94 $3,291 

Engineering 7% $109,692.94 $7,679 

Permitting 7% $109,692.94 $7,679 

Commissioning & Startup 3% $109,692.94 $3,291 

Land/ROW 0% $109,692.94 $0 

Additional Non-Construction Costs 10% $109,692.94 $10,969 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$142,601

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 10, Flocculation/Sedimentation , Flow to Each Sed Basin isn’t 
evenly split

Determine elevations of "V" notch  weirs in 8 basins and adjust  their elevations as 
necessary.  Assume 2 of the 8 basins need their weirs adjusted.  

Inspect "V" Notch Weirs in 8 Basins 8 LS $1,320 $10,560
Adjust "V" Notch Weirs in 2 Basins 2 LS $2,640 $5,280

Subtotal $15,840
Allowance for Misc Items 5% $15,840.00 $792

Subtotal $16,632 

ALLOWANCES:
Finishes Allowance 0.00% $16,632.00 $0
I & C Allowance 0.00% $16,632.00 $0
Mechanical Allowance 0.00% $16,632.00 $0
Electrical Allowance 0.00% $16,632.00 $0

Subtotal  $16,632 

CONTRACTOR MARKUPS:
Overhead 10% $16,632.00 $1,663
Subtotal $18,295
Profit 5% $18,295.20 $915
Subtotal $19,210
Mob/Bonds/Insurance 5% $19,209.96 $960
Subtotal $20,170
Contingency for items without vendor quotes 40% $20,170.46 $8,068
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $28,239

Escalation 0.0% $28,238.64 $0
SUBTOTAL Construction Cost with Escalation $28,239

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $28,239

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $28,239

Permitting 3% $28,238.64 $847 

Engineering 7% $28,238.64 $1,977 

Permitting 7% $28,238.64 $1,977 

Commissioning & Startup 3% $28,238.64 $847 

Land/ROW 0% $28,238.64 $0 

Additional Non-Construction Costs 10% $28,238.64 $2,824 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$36,710

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 11a, Flocculation/Sedimentation , North Side Sed Basin Heating, 1) 
Run and monitor performance and ice formation, DO NOTHING

DO NOTHING

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 11b, Flocculation/Sedimentation , North Side Sed Basin Heating, 2) 
Air stones could be used to prevent ice formation (e.g. at sludge collectors)

Add air compressors and piping in 4 basins.
New Air Compressors 2 EA $1,500 $3,000

.
Subtotal $3,000

Allowance for Misc Items 5% $3,000.00 $150

Subtotal $3,150 

ALLOWANCES:
Finishes Allowance 2.00% $3,150.00 $63
I & C Allowance 8.00% $3,150.00 $252
Mechanical Allowance 12.00% $3,150.00 $378
Electrical Allowance 8.00% $3,150.00 $252

Subtotal $4,095 

CONTRACTOR MARKUPS:
Overhead 10% $4,095.00 $410
Subtotal $4,505
Profit 5% $4,504.50 $225
Subtotal $4,730
Mob/Bonds/Insurance 5% $4,729.73 $236
Subtotal $4,966
Contingency for items without vendor quotes 40% $4,966.21 $1,986
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $6,953

Escalation 0.0% $6,952.70 $0
SUBTOTAL Construction Cost with Escalation $6,953

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $6,953

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $6,953

Permitting 3% $6,952.70 $209 

Engineering 7% $6,952.70 $487 

Permitting 7% $6,952.70 $487 

Commissioning & Startup 3% $6,952.70 $209 

Land/ROW 0% $6,952.70 $0 

Additional Non-Construction Costs 10% $6,952.70 $695 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$9,039

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 11c, Flocculation/Sedimentation , North Side Sed Basin Heating, 3) 
Insulate building only and monitor

Add wall and roof insulation in 2 buildings.  Each building measures 80' wide x 113' long x 
10' high .  50% of walls have translucent panels that don't get insulation. 

Add Insulation to 50% of the Walls in 2 Buildings 3,860 SF $2 $7,720
Add Insulation to Roofs in 2 Buildings 18,080 SF $4 $72,320

Subtotal $80,040
Allowance for Misc Items 5% $80,040.00 $4,002 

Subtotal $84,042 

ALLOWANCES:
Finishes Allowance 2.00% $84,042.00 $1,681 
I & C Allowance 0.00% $84,042.00 $0
Mechanical Allowance 0.00% $84,042.00 $0
Electrical Allowance 0.00% $84,042.00 $0

Subtotal  $85,723 

CONTRACTOR MARKUPS:
Overhead 10% $85,722.84 $8,572
Subtotal $94,295
Profit 5% $94,295.12 $4,715
Subtotal $99,010
Mob/Bonds/Insurance 5% $99,009.88 $4,950
Subtotal $103,960
Contingency for items without vendor quotes 40% $103,960.37 $41,584
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $145,545

Escalation 0.0% $145,544.52 $0
SUBTOTAL Construction Cost with Escalation $145,545

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $145,545

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $145,545

Permitting 3% $145,544.52 $4,366 

Engineering 7% $145,544.52 $10,188 

Permitting 7% $145,544.52 $10,188 

Commissioning & Startup 3% $145,544.52 $4,366 

Land/ROW 0% $145,544.52 $0 

Additional Non-Construction Costs 10% $145,544.52 $14,554 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$189,208

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 11d, Flocculation/Sedimentation , North Side Sed Basin Heating, 4) 
Unit heater installation to heat building space in winter

Add unit heaters and modify exhaust fan for winter operation to 2 buildings.  Each 
building measures 80' wide  x 113' long x 10' high. 

Add Unit Heaters 2 EA $1,000 $2,000
Modify Exhaust Fan for Winter Operation 2 EA $4,000 $8,000

Subtotal $10,000
Allowance for Misc Items 5% $10,000.00 $500

Subtotal $10,500 

ALLOWANCES:
Finishes Allowance 2.00% $10,500.00 $210
I & C Allowance 5.00% $10,500.00 $525
Mechanical Allowance 10.00% $10,500.00 $1,050 
Electrical Allowance 10.00% $10,500.00 $1,050 

Subtotal  $13,335 

CONTRACTOR MARKUPS:
Overhead 10% $13,335.00 $1,334
Subtotal $14,669
Profit 5% $14,668.50 $733
Subtotal $15,402
Mob/Bonds/Insurance 5% $15,401.93 $770
Subtotal $16,172
Contingency for items without vendor quotes 40% $16,172.02 $6,469
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $22,641

Escalation 0.0% $22,640.83 $0
SUBTOTAL Construction Cost with Escalation $22,641

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $22,641

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $22,641

Permitting 3% $22,640.83 $679 

Engineering 7% $22,640.83 $1,585 

Permitting 7% $22,640.83 $1,585 

Commissioning & Startup 3% $22,640.83 $679 

Land/ROW 0% $22,640.83 $0 

Additional Non-Construction Costs 10% $22,640.83 $2,264 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$29,433

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

FOR ALTERNATIVES 3 & 6:

Semper Project 12a, 18, and 19, Filters , Small Surface Area Filters (leads to a 
large number of units potentially making backwash the capacity limiting 
component)

Project 12, 18, 19: Demo filters 9-20 (17.5’ x 20). Demo and remove all interior 
concrete, piping, instruments, etc. Replace with 4 filters 30 x 20’ at 8 gpm/sf loading. 1’ 
of sand, 6’ of anthracite with leopold block underdrain. Excavate current building floor 
down additional 4’ to accommodate increased depth. Install all new inlet, effluent, filter 
to waste, and backwash piping in gallery. Small amount of yard piping for filter to 
waste to tie into waste water line (50’ of yard piping) 

Demo Existing Filters 9-20 12 LS $150,000 $1,800,000
New Filters:

Sitework:
Excavation 156 CY $100 $15,556
Structural Bacfill 13 CY $47 $615
Native Backfill 0 CY $0 $0
Haul Away Exess Dirt 156 CY $75 $11,667
Yard Piping 100 LF $1,000 $100,000

Concrete:
Concrete Slab 233 CY $576 $134,349
Concrete Walls 148 CY $976 $144,541

Filters for Alternavitves 3 & 6 1 LS $5,172,904 $5,172,904

Subtotal $7,379,632
Allowance for Misc Items 5% $7,379,631.53 $368,982 

Subtotal $7,748,613 

ALLOWANCES:
Finishes Allowance 0.00% $7,748,613.11 $0
I & C Allowance 0.00% $7,748,613.11 $0
Mechanical Allowance 0.00% $7,748,613.11 $0
Electrical Allowance 0.00% $7,748,613.11 $0

Subtotal  $7,748,613 

CONTRACTOR MARKUPS:
Overhead 10% $7,748,613.11 $774,861
Subtotal $8,523,474
Profit 5% $8,523,474.42 $426,174
Subtotal $8,949,648
Mob/Bonds/Insurance 5% $8,949,648.14 $447,482
Subtotal $9,397,131
Contingency for items without vendor quotes 40% $9,397,130.55 $3,758,852
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $13,155,983

Escalation 0.0% $13,155,982.76 $0
SUBTOTAL Construction Cost with Escalation $13,155,983

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $13,155,983

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $13,155,983

Permitting 3% $13,155,982.76 $394,679 

Engineering 7% $13,155,982.76 $920,919 

Permitting 7% $13,155,982.76 $920,919 

Commissioning & Startup 3% $13,155,982.76 $394,679 

Land/ROW 0% $13,155,982.76 $0 

Additional Non-Construction Costs 10% $13,155,982.76 $1,315,598 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$17,102,778

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

FOR ALTERNATIVE 5:

Semper Project 12a, 18, and 19, Filters , Small Surface Area Filters (leads to a large 
number of units potentially making backwash the capacity limiting component)

Project 12, 18, 19: Demo filters 9-20 (17.5’ x 20). Demo and remove all interior 
concrete, piping, instruments, etc. Replace with 5 filters 37’ x 20’ at 8 gpm/sf loading. 1’ 
of sand, 6’ of anthracite with leopold block underdrain. Excavate current building floor 
down additional 4’ to accommodate increased depth. Install all new inlet, effluent, filter 
to waste, and backwash piping in gallery. Small amount of yard piping for filter to waste 
to tie into waste water line (50’ of yard piping) 

34.0992

Demo Existing Filters 9-20 12 LS $150,000 $1,800,000
New Filters:

Sitework:
Excavation 156 CY $100 $15,556
Structural Bacfill 13 CY $47 $615
Native Backfill 0 CY $0 $0
Haul Away Exess Dirt 156 CY $75 $11,667
Yard Piping 100 LF $1,000 $100,000

Concrete:
Concrete Slab 233 CY $576 $134,349
Concrete Walls 148 CY $976 $144,541

Filter for Alternative 5 1 LS $7,375,711 $7,375,711

Subtotal $9,582,439
Allowance for Misc Items 5% $9,582,438.59 $479,122 

Subtotal $10,061,561 

ALLOWANCES:
Finishes Allowance 0.00% $10,061,560.52 $0
I & C Allowance 0.00% $10,061,560.52 $0
Mechanical Allowance 0.00% $10,061,560.52 $0
Electrical Allowance 0.00% $10,061,560.52 $0

Subtotal  $10,061,561 

CONTRACTOR MARKUPS:
Overhead 10% $10,061,560.52 $1,006,156
Subtotal $11,067,717
Profit 5% $11,067,716.57 $553,386
Subtotal $11,621,102
Mob/Bonds/Insurance 5% $11,621,102.40 $581,055
Subtotal $12,202,158
Contingency for items without vendor quotes 40% $12,202,157.52 $4,880,863
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $17,083,021

Escalation 0.0% $17,083,020.53 $0
SUBTOTAL Construction Cost with Escalation $17,083,021

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $17,083,021

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $17,083,021

Permitting 3% $17,083,020.53 $512,491 

Engineering 7% $17,083,020.53 $1,195,811 

Permitting 7% $17,083,020.53 $1,195,811 

Commissioning & Startup 3% $17,083,020.53 $512,491 

Land/ROW 0% $17,083,020.53 $0 

Additional Non-Construction Costs 10% $17,083,020.53 $1,708,302 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$22,207,927

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 13a, Filters , Shallow Media Profile

There are 14 filters.  Each one measures 17.5' x 20'.  Remove existing media and 
existing clay underdrain.  Replace with Leopold underdrains and media.  Remove 
existing 1' of gravel  over existing clay underdrain.   Replace with new Leopold 
underdrain, re-install 12" of existing sand and 18" of existing anthracite, and add 12" of 
new anthracite.

Remove Existing Media 7,350 CF $4.67 $34,293 Based on CPES
Remove Existing Underdrain 4,900 SF $8.00 $39,200 Based on CPES $2,800
New Leopold Underdrains 4,900 SF $80.00 $392,000 Based on CPES
New 12" of Existing Sand 4,900 CF $20.26 $99,274 Based on CPES
New 18" of Existing Anthracite 7,350 CF $27.00 $198,450 Based on CPES
Add 12" of New Anthracite 4,900 CF $27.00 $132,300 Based on CPES

Subtotal $895,517
Allowance for Misc Items 5% $895,517.32 $44,776

Subtotal $940,293 

ALLOWANCES:
Finishes Allowance 0.00% $940,293.18 $0
I & C Allowance 0.00% $940,293.18 $0
Mechanical Allowance 0.00% $940,293.18 $0
Electrical Allowance 0.00% $940,293.18 $0

Subtotal $940,293 

CONTRACTOR MARKUPS:
Overhead 10% $940,293.18 $94,029
Subtotal $1,034,323
Profit 5% $1,034,322.50 $51,716
Subtotal $1,086,039

Mob/Bonds/Insurance 5% $1,086,038.63 $54,302

Subtotal $1,140,341
Contingency for items without vendor quotes 40% $1,140,340.56 $456,136
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $1,596,477

Escalation 0.0% $1,596,476.78 $0
SUBTOTAL Construction Cost with Escalation $1,596,477

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $1,596,477

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $1,596,477

Permitting 3% $1,596,476.78 $47,894 

Engineering 7% $1,596,476.78 $111,753 

Permitting 7% $1,596,476.78 $111,753 

Commissioning & Startup 3% $1,596,476.78 $47,894 

Land/ROW 0% $1,596,476.78 $0 

Additional Non-Construction Costs 10% $1,596,476.78 $159,648 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$2,075,420

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 14, Filters , Vulnerable Filter Effluent Piping

Concrete encase 4 each 4' diameter pipes.  The encasements will be 6' x 6' x 8' long.  
Retrofit vinyl waterstops on both ends of encasement.  Dowels into base slab only, not 
ends of encasement. Remove ladders, but do not replace them.

Remove Ladders 4 EA $4,000 $16,000
Water Stops 8 EA $5,027 $40,212
Concrete Encasement 27.77 CY $2,000 $55,546

Subtotal $111,759
Allowance for Misc Items 5% $111,758.77 $5,588 

Subtotal $117,347 

ALLOWANCES:
Finishes Allowance 2.00% $117,346.71 $2,347 
I & C Allowance 0.00% $117,346.71 $0
Mechanical Allowance 0.00% $117,346.71 $0
Electrical Allowance 0.00% $117,346.71 $0

Subtotal  $119,694 

CONTRACTOR MARKUPS:
Overhead 10% $119,693.64 $11,969
Subtotal $131,663
Profit 5% $131,663.00 $6,583
Subtotal $138,246
Mob/Bonds/Insurance 5% $138,246.15 $6,912
Subtotal $145,158
Contingency for items without vendor quotes 40% $145,158.46 $58,063
Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $203,222

Escalation 0.0% $203,221.85 $0
SUBTOTAL Construction Cost with Escalation $203,222

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $203,222

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $203,222

Permitting 3% $203,221.85 $6,097 

Engineering 7% $203,221.85 $14,226 

Permitting 7% $203,221.85 $14,226 

Commissioning & Startup 3% $203,221.85 $6,097 

Land/ROW 0% $203,221.85 $0 

Additional Non-Construction Costs 10% $203,221.85 $20,322 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$264,188

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 15, Filters , Filter Influent Pipe (goes through old clearwell)

NO PROJECT.  Operations staff will monitor.

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 16, Filters , Filter Backwash

Replace existing 14"  manual valve with automated valve.  Use automated sleeve valves.

Remove 14" Manual Valve 1 EA $1,000 $1,000
Install New Automated 14" Sleeve Valve 1 EA $30,000 $30,000

Subtotal $31,000
Allowance for Misc Items 5% $31,000.00 $1,550 

Subtotal $32,550 

ALLOWANCES:
Finishes Allowance 1.00% $32,550.00 $326
I & C Allowance 8.00% $32,550.00 $2,604 
Mechanical Allowance 10.00% $32,550.00 $3,255 
Electrical Allowance 10.00% $32,550.00 $3,255 

Subtotal  $41,990 

CONTRACTOR MARKUPS:
Overhead 10% $41,989.50 $4,199
Subtotal $46,188
Profit 5% $46,188.45 $2,309
Subtotal $48,498
Mob/Bonds/Insurance 5% $48,497.87 $2,425
Subtotal $50,923
Contingency for items without vendor quotes 40% $50,922.77 $20,369
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $71,292

Escalation 0.0% $71,291.87 $0

SUBTOTAL Construction Cost with Escalation $71,292

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $71,292

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $71,292

Permitting 3% $71,291.87 $2,139 

Engineering 7% $71,291.87 $4,990 

Permitting 7% $71,291.87 $4,990 

Commissioning & Startup 3% $71,291.87 $2,139 

Land/ROW 0% $71,291.87 $0 

Additional Non-Construction Costs 10% $71,291.87 $7,129 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$92,679

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 17, Filters , Filter 8 is “Dead Filter” due to influence on combined effluent turbidity sampling, NOT RECOMMENDED

NOT RECOMMENDED

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0
Contingency for items without vendor quotes 40% $0.00 $0
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0

SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 18, Filters , No Air Scour, This project is part of deep bed filter project.  THIS PROJECT IS INCLUDED IN PROJECT 12.

This project is part of deep bed filter project.  THIS PROJECT IS INCLUDED IN 
PROJECT 12.

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 19, Filters , No filter-to-waste, THIS PROJECT IS INCLUDED IN PROJECT 12.

THIS PROJECT IS INCLUDED IN PROJECT 12.

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 1.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

August 5. 2016  Page 45 of 87
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 20a, Filters , HVAC in Filter Pipe Gallery

Existing system is 2,300 cfm, 1/4 hp, for filters 1 through 8.   Modify existing HVAC 
system for 37,000 cf of volume.   

Modify Existing HVAC 1,850 SF $45 $83,250 Based on 2015 RSM Square Foot Models

Subtotal $83,250
Allowance for Misc Items 5% $83,250.00 $4,163 

Subtotal $87,413 

ALLOWANCES:
Finishes Allowance 0.00% $87,412.50 $0
I & C Allowance 0.00% $87,412.50 $0
Mechanical Allowance 5.00% $87,412.50 $4,371 
Electrical Allowance 5.00% $87,412.50 $4,371 

Subtotal  $96,154 

CONTRACTOR MARKUPS:
Overhead 10% $96,153.75 $9,615
Subtotal $105,769
Profit 5% $105,769.13 $5,288
Subtotal $111,058
Mob/Bonds/Insurance 5% $111,057.58 $5,553
Subtotal $116,610

Contingency for items without vendor quotes 40% $116,610.46 $46,644

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $163,255

Escalation 0.0% $163,254.64 $0
SUBTOTAL Construction Cost with Escalation $163,255

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $163,255

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $163,255

Permitting 3% $163,254.64 $4,898 

Engineering 7% $163,254.64 $11,428 

Permitting 7% $163,254.64 $11,428 

Commissioning & Startup 3% $163,254.64 $4,898 

Land/ROW 0% $163,254.64 $0 

Additional Non-Construction Costs 10% $163,254.64 $16,325 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$212,231

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 20b, Filters , Recoat Rusted Gallery Piping

Existing system is 2,300 cfm, 1/4 hp, for filters 1 through 8.   Modify existing HVAC 
system for 37,000 cf of volume.   

Recoat Rusted Filter Gallery Piping After HVAC Install is Complete 0 SF $10 $0

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 5.00% $0.00 $0
Electrical Allowance 5.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Replace two existing pumps with two 500 gpm horizontal centrifugal pumps. Add 
allowance for replacement of small amount of inlet and outlet piping connections to new 
pumps. 

Remove Existing Pumps 2 EA $3,450 $6,900
Install New Horizontal Centrifugal Pumps (75 hp) 2 EA $34,500 $69,000 Based on CPES
Install New AFD's  (75 hp) 2 EA $15,905 $31,810 2015 RSM 16220-900-1210

Replace check and isolation valve 2 EA $5,000.00 $10,000 

Subtotal $117,710
Allowance for Misc Items 5% $117,710.00 $5,886 

Subtotal $123,596 

ALLOWANCES:
Finishes Allowance 1.00% $123,595.50 $1,236 
I & C Allowance 8.00% $123,595.50 $9,888 
Mechanical Allowance 15.00% $123,595.50 $18,539 
Electrical Allowance 10.00% $123,595.50 $12,360 

Subtotal  $165,618 

CONTRACTOR MARKUPS:
Overhead 10% $165,617.97 $16,562
Subtotal $182,180
Profit 5% $182,179.77 $9,109
Subtotal $191,289
Mob/Bonds/Insurance 5% $191,288.76 $9,564

Subtotal $200,853

Contingency for items without vendor quotes 40% $200,853.19 $80,341
Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $281,194

Escalation 0.0% $281,194.47 $0
SUBTOTAL Construction Cost with Escalation $281,194

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $281,194

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $281,194

Permitting 3% $281,194.47 $8,436 

Engineering 7% $281,194.47 $19,684 

Permitting 7% $281,194.47 $19,684 

Commissioning & Startup 3% $281,194.47 $8,436 

Land/ROW 0% $281,194.47 $0 

Additional Non-Construction Costs 10% $281,194.47 $28,119 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$365,553

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

Semper Project 21, Filters , Backwash Lagoon Dewatering Pumps
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 22, Filters , Backwash Lagoon Concrete Repair

SEE DRAWINGS, For 2 basins, replace only the top half (non-submerged) portion of 
the walls.

West Lagoon:
Demo Top 10' of Walls 6,920 SF $10 $69,200 258.9767442
New Walls (6" thick) 128 CY $500 $64,074 258.9767442

East Lagoon:
Demo Top 10' of Walls 7,360 SF $10 $73,600 287.5675676
New Walls (6" thick) 136 CY $500 $68,148 287.5675676

Subtotal $275,022
Allowance for Misc Items 5% $275,022.22 $13,751 

Subtotal $288,773 

ALLOWANCES:
Finishes Allowance 1.00% $288,773.33 $2,888 
I & C Allowance 0.00% $288,773.33 $0
Mechanical Allowance 0.00% $288,773.33 $0
Electrical Allowance 0.00% $288,773.33 $0

Subtotal  $291,661 

CONTRACTOR MARKUPS:
Overhead 10% $291,661.07 $29,166
Subtotal $320,827
Profit 5% $320,827.17 $16,041
Subtotal $336,869
Mob/Bonds/Insurance 5% $336,868.53 $16,843
Subtotal $353,712

Contingency for items without vendor quotes 40% $353,711.96 $141,485

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $495,197

Escalation 0.0% $495,196.74 $0
SUBTOTAL Construction Cost with Escalation $495,197

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $495,197

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $495,197

Permitting 3% $495,196.74 $14,856 

Engineering 7% $495,196.74 $34,664 

Permitting 7% $495,196.74 $34,664 

Commissioning & Startup 3% $495,196.74 $14,856 

Land/ROW 0% $495,196.74 $0 

Additional Non-Construction Costs 10% $495,196.74 $49,520 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$643,756

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 23, Disinfection, No UV Disinfection (as originally planned)

New UV facility. HPUV, 48 mgd, use CPES.  UV dose is maximum of 30 mj/cm2 at the 
max flow of 48 mgd. 

New UV Facility 1 LS $2,514,956 $2,514,956 from CPES

Subtotal $2,514,956
Allowance for Misc Items 5% $2,514,955.96 $125,748 

Subtotal $2,640,704 

ALLOWANCES:
Finishes Allowance 0.00% $2,640,703.76 $0
I & C Allowance 0.00% $2,640,703.76 $0
Mechanical Allowance 0.00% $2,640,703.76 $0
Electrical Allowance 0.00% $2,640,703.76 $0

Subtotal  $2,640,704 

CONTRACTOR MARKUPS:
Overhead 10% $2,640,703.76 $264,070
Subtotal $2,904,774
Profit 5% $2,904,774.14 $145,239
Subtotal $3,050,013
Mob/Bonds/Insurance 5% $3,050,012.84 $152,501
Subtotal $3,202,513

Contingency for items without vendor quotes 40% $3,202,513.48 $1,281,005

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $4,483,519

Escalation 0.0% $4,483,518.88 $0
SUBTOTAL Construction Cost with Escalation $4,483,519

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $4,483,519

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $4,483,519

Permitting 3% $4,483,518.88 $134,506 

Engineering 7% $4,483,518.88 $313,846 

Permitting 7% $4,483,518.88 $313,846 

Commissioning & Startup 3% $4,483,518.88 $134,506 

Land/ROW 0% $4,483,518.88 $0 

Additional Non-Construction Costs 10% $4,483,518.88 $448,352 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$5,828,575

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 24, Disinfection, Baffling Upgrades

Demo 200' of existing chem pipe, add new wall penetration through clear well, and add 
200' of new small diameter chem pipe.

Demo Existing Chem Pipe 200 LF $10 $2,000
Add New Wall Penetration 1 EA $750 $750
Add New Small Diameter Chem Pipe 200 LF $50 $10,000

Subtotal $12,750
Allowance for Misc Items 5% $12,750.00 $638

Subtotal $13,388 

ALLOWANCES:
Finishes Allowance 0.00% $13,387.50 $0
I & C Allowance 0.00% $13,387.50 $0
Mechanical Allowance 15.00% $13,387.50 $2,008 
Electrical Allowance 0.00% $13,387.50 $0

Subtotal  $15,396 

CONTRACTOR MARKUPS:
Overhead 10% $15,395.63 $1,540
Subtotal $16,935
Profit 5% $16,935.19 $847
Subtotal $17,782
Mob/Bonds/Insurance 5% $17,781.95 $889
Subtotal $18,671

Contingency for items without vendor quotes 40% $18,671.04 $7,468

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $26,139

Escalation 0.0% $26,139.46 $0
SUBTOTAL Construction Cost with Escalation $26,139

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $26,139

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $26,139

Permitting 3% $26,139.46 $784 

Engineering 7% $26,139.46 $1,830 

Permitting 7% $26,139.46 $1,830 

Commissioning & Startup 3% $26,139.46 $784 

Land/ROW 0% $26,139.46 $0 

Additional Non-Construction Costs 10% $26,139.46 $2,614 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$33,981

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 25, Chemical Feed, Chemical Storage and Metering, NO PROJECT FOR NOW

NO PROJECT FOR NOW

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 26, Chemical Feed, Lime Silo Storage Not Adequate

Add second lime storage silo to match current one.  Pad dimensions are 20' x 20' x 2' 
thick pad with 3' thickened edges. 

Site Prep 1 LS $5,000 $5,000
Concrete Foundation 47 CY $443 $20,787
Concrete Walls 30 CY $751 $22,237
Concrete Elevated Slab 13 CY $1,162 $15,117
New Silo:

Silo  (13' diameter x 23' high) 22,837 GALLONS $7.50 $171,276
Hopper Feeder System 2 EA $60,000 $120,000
Transfer Pumps 2 EA $12,000 $24,000

Subtotal $378,417
Allowance for Misc Items 5% $378,417.38 $18,921 

Subtotal $397,338 

ALLOWANCES:
Finishes Allowance 1.00% $397,338.25 $3,973 
I & C Allowance 6.00% $397,338.25 $23,840 
Mechanical Allowance 10.00% $397,338.25 $39,734 
Electrical Allowance 6.00% $397,338.25 $23,840 

Subtotal  $488,726 

CONTRACTOR MARKUPS:
Overhead 10% $488,726.04 $48,873
Subtotal $537,599
Profit 5% $537,598.65 $26,880
Subtotal $564,479
Mob/Bonds/Insurance 5% $564,478.58 $28,224
Subtotal $592,703

Contingency for items without vendor quotes 40% $592,702.51 $237,081

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $829,784

Escalation 0.0% $829,783.51 $0
SUBTOTAL Construction Cost with Escalation $829,784

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $829,784
TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $829,784

Permitting 3% $829,783.51 $24,894 

Engineering 7% $829,783.51 $58,085 

Permitting 7% $829,783.51 $58,085 

Commissioning & Startup 3% $829,783.51 $24,894 

Land/ROW 0% $829,783.51 $0 

Additional Non-Construction Costs 10% $829,783.51 $82,978 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$1,078,719

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 27, Chemical Feed, Sodium Hydroxide Feed

Add chem feed pipe from chem building to influent junction boxes on north and south 
sides.

New Chem Pipe to South Injection Junction Box 500 LF $50 $25,000
New Chem Pipe to North Injection Junction Box 700 LF $50 $35,000

Subtotal $60,000
Allowance for Misc Items 5% $60,000.00 $3,000 

Subtotal $63,000 

ALLOWANCES:
Finishes Allowance 0.00% $63,000.00 $0
I & C Allowance 0.00% $63,000.00 $0
Mechanical Allowance 10.00% $63,000.00 $6,300 
Electrical Allowance 0.00% $63,000.00 $0

Subtotal  $69,300 

CONTRACTOR MARKUPS:
Overhead 10% $69,300.00 $6,930
Subtotal $76,230
Profit 5% $76,230.00 $3,812
Subtotal $80,042
Mob/Bonds/Insurance 5% $80,041.50 $4,002
Subtotal $84,044

Contingency for items without vendor quotes 40% $84,043.58 $33,617

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $117,661

Escalation 0.0% $117,661.01 $0
SUBTOTAL Construction Cost with Escalation $117,661

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $117,661

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $117,661

Permitting 3% $117,661.01 $3,530 

Engineering 7% $117,661.01 $8,236 

Permitting 7% $117,661.01 $8,236 

Commissioning & Startup 3% $117,661.01 $3,530 

Land/ROW 0% $117,661.01 $0 

Additional Non-Construction Costs 10% $117,661.01 $11,766 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$152,959

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 28, I&C, Raw Water Vault Flowmeters, NO PROJECT, NO TAB NEEDED

NO PROJECT, NO TAB NEEDED

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 1.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 29, I&C, Pump Station Radio Link

 1,000 feet of buried fiber line from the admin building to the high service pump station.  
This includes a railroad crossing and associated markups for permitting and issues for 
crossing the railroad. 

Fiber Line 1,000 LF $30 $30,000
Jacking Pits 2 EA $5,000 $10,000
Railroad Crossing 100 LF $100 $10,000

Subtotal $50,000
Allowance for Misc Items 5% $50,000.00 $2,500 

Subtotal $52,500 

ALLOWANCES:
Finishes Allowance 0.00% $52,500.00 $0
I & C Allowance 0.00% $52,500.00 $0
Mechanical Allowance 0.00% $52,500.00 $0
Electrical Allowance 0.00% $52,500.00 $0

Subtotal  $52,500 

CONTRACTOR MARKUPS:
Overhead 10% $52,500.00 $5,250
Subtotal $57,750
Profit 5% $57,750.00 $2,888
Subtotal $60,638
Mob/Bonds/Insurance 5% $60,637.50 $3,032
Subtotal $63,669

Contingency for items without vendor quotes 40% $63,669.38 $25,468

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $89,137

Escalation 0.0% $89,137.13 $0
SUBTOTAL Construction Cost with Escalation $89,137

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $89,137

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $89,137

Permitting 3% $89,137.13 $2,674 

Engineering 7% $89,137.13 $6,240 

Permitting 7% $89,137.13 $6,240 

Commissioning & Startup 3% $89,137.13 $2,674 

Land/ROW 0% $89,137.13 $0 

Additional Non-Construction Costs 10% $89,137.13 $8,914 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$115,878

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 30, Electrical, Old MCCs

Replace two main plant process MCCs that are aging. 
Remove Existing MCC's 2 LS $5,000 $10,000
Install New MCC's 2 LS $50,000 $100,000

Subtotal $110,000
Allowance for Misc Items 5% $110,000.00 $5,500 

Subtotal $115,500 

ALLOWANCES:
Finishes Allowance 0.00% $115,500.00 $0
I & C Allowance 0.00% $115,500.00 $0
Mechanical Allowance 0.00% $115,500.00 $0
Electrical Allowance 15.00% $115,500.00 $17,325 

Subtotal  $132,825 

CONTRACTOR MARKUPS:
Overhead 10% $132,825.00 $13,283
Subtotal $146,108
Profit 5% $146,107.50 $7,305
Subtotal $153,413
Mob/Bonds/Insurance 5% $153,412.88 $7,671
Subtotal $161,084

Contingency for items without vendor quotes 40% $161,083.52 $64,433

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $225,517

Escalation 0.0% $225,516.93 $0
SUBTOTAL Construction Cost with Escalation $225,517

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $225,517

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $225,517

Permitting 3% $225,516.93 $6,766 

Engineering 7% $225,516.93 $15,786 

Permitting 7% $225,516.93 $15,786 

Commissioning & Startup 3% $225,516.93 $6,766 

Land/ROW 0% $225,516.93 $0 

Additional Non-Construction Costs 10% $225,516.93 $22,552 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$293,172

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 31, Electrical, MCC wiring to equipment, Wiring from the MCCs to the process equipment.

Wiring from the MCCs to the process equipment.
Wiring from MCC's 2 LS $15,000 $30,000

Subtotal $30,000
Allowance for Misc Items 5% $30,000.00 $1,500 

Subtotal $31,500 

ALLOWANCES:
Finishes Allowance 0.00% $31,500.00 $0
I & C Allowance 0.00% $31,500.00 $0
Mechanical Allowance 0.00% $31,500.00 $0
Electrical Allowance 0.00% $31,500.00 $0

Subtotal  $31,500 

CONTRACTOR MARKUPS:
Overhead 10% $31,500.00 $3,150
Subtotal $34,650
Profit 5% $34,650.00 $1,733
Subtotal $36,383
Mob/Bonds/Insurance 5% $36,382.50 $1,819
Subtotal $38,202

Contingency for items without vendor quotes 40% $38,201.63 $15,281

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $53,482

Escalation 0.0% $53,482.28 $0
SUBTOTAL Construction Cost with Escalation $53,482

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $53,482

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $53,482

Permitting 3% $53,482.28 $1,604 

Engineering 7% $53,482.28 $3,744 

Permitting 7% $53,482.28 $3,744 

Commissioning & Startup 3% $53,482.28 $1,604 

Land/ROW 0% $53,482.28 $0 

Additional Non-Construction Costs 10% $53,482.28 $5,348 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$69,527

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 32 and 35, Electrical, Empty pump bay at High Service Pump Station

Project 32, 35: High service pump station is getting equipped with one soft start 400 hp, 
460V vertical turbine pump. 

Install New Vertical Turbine Pump (400 hp) 1 EA $215,625.43 $215,625 Based on CPES
Install New AFD  (400 hp) 1 EA $54,100 $54,100 Based on 2015 RSM 16220-900-1250

Subtotal $269,725
Allowance for Misc Items 5% $269,725.43 $13,486 

Subtotal $283,212 

ALLOWANCES:
Finishes Allowance 1.00% $283,211.70 $2,832 
I & C Allowance 8.00% $283,211.70 $22,657 
Mechanical Allowance 15.00% $283,211.70 $42,482 
Electrical Allowance 10.00% $283,211.70 $28,321 

Subtotal  $379,504 

CONTRACTOR MARKUPS:
Overhead 10% $379,503.68 $37,950
Subtotal $417,454
Profit 5% $417,454.05 $20,873
Subtotal $438,327
Mob/Bonds/Insurance 5% $438,326.75 $21,916
Subtotal $460,243

Contingency for items without vendor quotes 40% $460,243.09 $184,097

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $644,340

Escalation 0.0% $644,340.33 $0
SUBTOTAL Construction Cost with Escalation $644,340

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $644,340

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $644,340

Permitting 3% $644,340.33 $19,330 

Engineering 7% $644,340.33 $45,104 

Permitting 7% $644,340.33 $45,104 

Commissioning & Startup 3% $644,340.33 $19,330 

Land/ROW 0% $644,340.33 $0 

Additional Non-Construction Costs 10% $644,340.33 $64,434 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$837,642

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 33, Electrical,  Utility Transformer Redundancy, Provide an additional 2400 V transformer as a spare, but do not install it. Equipment purchase only. 

Provide an additional 2400 V transformer as a spare, but do not install it. Equipment 
purchase only. 

Purchase 2400 V Transformer 1 EA $4,950 $4,950 Based on 2015 RSM 16270-600-2960, 
equipment cost only

Subtotal $4,950
Allowance for Misc Items 5% $4,950.00 $248

Subtotal $5,198 

ALLOWANCES:
Finishes Allowance 0.00% $5,197.50 $0
I & C Allowance 0.00% $5,197.50 $0
Mechanical Allowance 0.00% $5,197.50 $0
Electrical Allowance 0.00% $5,197.50 $0

Subtotal $5,198 

CONTRACTOR MARKUPS:
Overhead 10% $5,197.50 $520
Subtotal $5,717
Profit 5% $5,717.25 $286
Subtotal $6,003
Mob/Bonds/Insurance 5% $6,003.11 $300
Subtotal $6,303

Contingency for items without vendor quotes 40% $1,353.27 $541

Contingency for items with vendor quotes 10% $4,950.00 $495
SUBTOTAL with Markups $7,340

Escalation 0.0% $7,339.58 $0
SUBTOTAL Construction Cost with Escalation $7,340

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $7,340
TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $7,340

Permitting 3% $7,339.58 $220 

Engineering 7% $7,339.58 $514 

Permitting 7% $7,339.58 $514 

Commissioning & Startup 3% $7,339.58 $220 

Land/ROW 0% $7,339.58 $0 

Additional Non-Construction Costs 10% $7,339.58 $734 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$9,541

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 34, Electrical, Corroded Electrical Boxes, Leave item, but no project for now. 

Leave item, but no project for now. 
Item 1 1 LS $0 $0
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0

SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 35, High Service Pump Station, New 400 HP Pump, INCLUDED IN PROJECT 32

INCLUDED IN PROJECT 32

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0

SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 36, Rapid Mixing Improvements

For the rapid mix baffle walls, assume the following at each of the two rapid mix structures:  
Addition to the top of the "under" baffle wall, and add to the top of the "over" baffle to 
reduce short circuiting

Rapid Mix Baffle Walls (2 each @ 2' x 14' x .5' each) 2.1 CY $1,501 $3,113

Subtotal $3,113
Allowance for Misc Items 5% $3,113.19 $156

Subtotal $3,269 

ALLOWANCES:
Finishes Allowance 1.00% $3,268.84 $33
I & C Allowance 0.00% $3,268.84 $0
Mechanical Allowance 0.00% $3,268.84 $0
Electrical Allowance 0.00% $3,268.84 $0

Subtotal $3,302 

CONTRACTOR MARKUPS:
Overhead 10% $3,301.53 $330
Subtotal $3,632
Profit 5% $3,631.69 $182
Subtotal $3,813
Mob/Bonds/Insurance 5% $3,813.27 $191
Subtotal $4,004

Contingency for items without vendor quotes 40% $4,003.93 $1,602

Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $5,606

Escalation 0.0% $5,605.51 $0

SUBTOTAL Construction Cost with Escalation $5,606

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $5,606

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $5,606

Permitting 3% $5,605.51 $168 

Engineering 7% $5,605.51 $392 

Permitting 7% $5,605.51 $392 

Commissioning & Startup 3% $5,605.51 $168 

Land/ROW 0% $5,605.51 $0 

Additional Non-Construction Costs 10% $5,605.51 $561 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$7,287

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

Semper Project 37, Solids Handling Upgrades

For Alternatives 3 & 6:
Demo Existing Lagoons 1 LS $393,696 $393,696

20 MGD Gravity Thickener 1 LS $970,218 $970,218

20 MGD Centrifuge 1 LS $2,966,743 $2,966,743

Subtotal $4,330,658
Allowance for Misc Items 0% $4,330,657.57 $0

Subtotal $4,330,658 

ALLOWANCES:
Finishes Allowance 0.00% $4,330,657.57 $0
I & C Allowance 0.00% $4,330,657.57 $0
Mechanical Allowance 0.00% $4,330,657.57 $0
Electrical Allowance 0.00% $4,330,657.57 $0

Subtotal  $4,330,658 

CONTRACTOR MARKUPS:
Overhead 10% $4,330,657.57 $433,066
Subtotal $4,763,723
Profit 5% $4,763,723.32 $238,186
Subtotal $5,001,909
Mob/Bonds/Insurance 5% $5,001,909.49 $250,095
Subtotal $5,252,005

Contingency for items without vendor quotes 40% $5,252,004.97 $2,100,802

Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $7,352,807

Escalation 0.0% $7,352,806.95 $0

SUBTOTAL Construction Cost with Escalation $7,352,807

Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $7,352,807

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $7,352,807

Permitting 3% $7,352,806.95 $220,584 

Engineering 7% $7,352,806.95 $514,696 

Permitting 7% $7,352,806.95 $514,696 

Commissioning & Startup 3% $7,352,806.95 $220,584 

Land/ROW 0% $7,352,806.95 $0 

Additional Non-Construction Costs 10% $7,352,806.95 $735,281 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$9,558,649

For Alternatives 5:
Demo Existing Lagoons 1 LS $450,566 $450,566

34 MGD Gravity Thickener 1 LS $1,217,500 $1,217,500

34 MGD Centrifuge 1 LS $3,288,164 $3,288,164

Subtotal $4,956,230
Allowance for Misc Items 0% $4,956,230.47 $0

Subtotal $4,956,230 

ALLOWANCES:
Finishes Allowance 0.00% $4,956,230.47 $0
I & C Allowance 0.00% $4,956,230.47 $0
Mechanical Allowance 0.00% $4,956,230.47 $0
Electrical Allowance 0.00% $4,956,230.47 $0

Subtotal  $4,956,230 

CONTRACTOR MARKUPS:
Overhead 10% $4,956,230.47 $495,623
Subtotal $5,451,854
Profit 5% $5,451,853.52 $272,593
Subtotal $5,724,446
Mob/Bonds/Insurance 5% $5,724,446.19 $286,222
Subtotal $6,010,669
Contingency for items without vendor quotes 40% $6,010,668.50 $2,404,267
Contingency for items with vendor quotes 10% $0.00 $0

SUBTOTAL with Markups $8,414,936

Escalation 0.0% $8,414,935.90 $0

SUBTOTAL Construction Cost with Escalation $8,414,936

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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Tax 0% $0.00 $0

TOTAL Construction Cost with Escalation & Tax $8,414,936

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $8,414,936

Permitting 3% $8,414,935.90 $252,448 

Engineering 7% $8,414,935.90 $589,046 

Permitting 7% $8,414,935.90 $589,046 

Commissioning & Startup 3% $8,414,935.90 $252,448 

Land/ROW 0% $8,414,935.90 $0 

Additional Non-Construction Costs 10% $8,414,935.90 $841,494 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$10,939,417

August 5. 2016  Page 65 of 87



CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project R&R, Raw Water, Raw Water Flow Meter, Pressure Transducer  & Sleeve Valve

0
Remove existing 24" elbow 1 EA $500 $500
Tie-in to existing pipeline 4 EA $500 $2,000
Add new 24" tees 2 EA $9,747 $19,494 2015 RSM 02510-730-8380
New 24" pipe 10 LF $174 $1,741 2015 RSM 02510-730-2180
New 24" mag meter 1 EA $18,000 $18,000
New electric operated 24" sleeve valve* 1 EA $0 $0 Spare currently on site
New 24" butterfly valves with electric actuators 4 EA $18,488 $73,950 2015 RSM 02080-500-3500

Subtotal $115,685
Allowance for Misc Items 5% $115,685.00 $5,784 

Subtotal $121,469 

ALLOWANCES:
Finishes Allowance 1.00% $121,469.25 $1,215 
I & C Allowance 1.00% $121,469.25 $1,215 
Mechanical Allowance 4.00% $121,469.25 $4,859 
Electrical Allowance 4.00% $121,469.25 $4,859 

Subtotal  $133,616 

CONTRACTOR MARKUPS:
Overhead 10% $133,616.18 $13,362
Subtotal $146,978
Profit 5% $146,977.79 $7,349
Subtotal $154,327
Mob/Bonds/Insurance 5% $154,326.68 $7,716
Subtotal $162,043

Contingency for items without vendor quotes 40% $162,043.02 $64,817

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $226,860

Escalation 0.0% $226,860.22 $0
SUBTOTAL Construction Cost with Escalation $226,860

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $226,860

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $226,860

Permitting 3% $226,860.22 $6,806 

Engineering 7% $226,860.22 $15,880 

Permitting 7% $226,860.22 $15,880 

Commissioning & Startup 3% $226,860.22 $6,806 

Land/ROW 0% $226,860.22 $0 

Additional Non-Construction Costs 10% $226,860.22 $22,686 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, and Non-
Construction Costs

$294,918

*Based on Polyjet Sleeve Valve model 810.  (Erick Maitre, SPX Valves & Controls, Fresno, 
erick.maitre@valves.spx.com, 559.441.5326

$174,674

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 1, Flocculation/Sedimentation, Rapid Mix Box

0
Remove 5' portion of existing 24" pipe 1 LS $1,000 $1,000
Add new 24" in-line rapid mixer 1 EA $39,454 $39,454 Based on CPES 
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $40,454
Allowance for Misc Items 5% $40,454.31 $2,023 

Subtotal $42,477 

ALLOWANCES:
Finishes Allowance 1.00% $42,477.03 $425
I & C Allowance 4.00% $42,477.03 $1,699 
Mechanical Allowance 10.00% $42,477.03 $4,248 
Electrical Allowance 8.00% $42,477.03 $3,398 

Subtotal  $52,247 

CONTRACTOR MARKUPS:
Overhead 10% $52,246.74 $5,225
Subtotal $57,471
Profit 5% $57,471.42 $2,874
Subtotal $60,345
Mob/Bonds/Insurance 5% $60,344.99 $3,017
Subtotal $63,362

Contingency for items without vendor quotes 40% $63,362.24 $25,345

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $88,707

Escalation 0.0% $88,707.13 $0
SUBTOTAL Construction Cost with Escalation $88,707

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $88,707

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $88,707

Permitting 3% $88,707.13 $2,661 

Engineering 7% $88,707.13 $6,209 

Permitting 7% $88,707.13 $6,209 

Commissioning & Startup 3% $88,707.13 $2,661 

Land/ROW 0% $88,707.13 $0 

Additional Non-Construction Costs 10% $88,707.13 $8,871 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$115,319

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 2, Flocculation/Sedimentation, Water level transducers at flocculation and sedimentation basins – regulates sleeve valve

0
Install 2nd water level transducer in flocculation and sedimentation basin 1 EA $1,500 $1,500
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $1,500
Allowance for Misc Items 5% $1,500.00 $75

Subtotal $1,575 

ALLOWANCES:
Finishes Allowance 0.00% $1,575.00 $0
I & C Allowance 50.00% $1,575.00 $788
Mechanical Allowance 0.00% $1,575.00 $0
Electrical Allowance 50.00% $1,575.00 $788

Subtotal $3,150 

CONTRACTOR MARKUPS:
Overhead 10% $3,150.00 $315
Subtotal $3,465
Profit 5% $3,465.00 $173
Subtotal $3,638
Mob/Bonds/Insurance 5% $3,638.25 $182
Subtotal $3,820

Contingency for items without vendor quotes 40% $3,820.16 $1,528

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $5,348

Escalation 0.0% $5,348.23 $0
SUBTOTAL Construction Cost with Escalation $5,348

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $5,348

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $5,348

Permitting 3% $5,348.23 $160 

Engineering 7% $5,348.23 $374 

Permitting 7% $5,348.23 $374 

Commissioning & Startup 3% $5,348.23 $160 

Land/ROW 0% $5,348.23 $0 

Additional Non-Construction Costs 10% $5,348.23 $535 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$6,953

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

August 5. 2016  Page 68 of 87



CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project R&R, Membrane Filters , Clean In Place procedure

0
Add new 4" water line from Service Area to Citric Acid room 176 LF $88 $15,405 Reference drawing P9.  Unit cost based on 

2015 RSM 15107-620-2110.  Fitting 
allowance and difficulty factor included.  

Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $15,405
Allowance for Misc Items 5% $15,404.93 $770

Subtotal $16,175 

ALLOWANCES:
Finishes Allowance 10.00% $16,175.17 $1,618 
I & C Allowance 0.00% $16,175.17 $0
Mechanical Allowance 20.00% $16,175.17 $3,235 
Electrical Allowance 0.00% $16,175.17 $0

Subtotal  $21,028 

CONTRACTOR MARKUPS:
Overhead 10% $21,027.73 $2,103
Subtotal $23,130
Profit 5% $23,130.50 $1,157
Subtotal $24,287
Mob/Bonds/Insurance 5% $24,287.02 $1,214
Subtotal $25,501

Contingency for items without vendor quotes 40% $25,501.38 $10,201

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $35,702

Escalation 0.0% $35,701.93 $0
SUBTOTAL Construction Cost with Escalation $35,702

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $35,702

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $35,702

Permitting 3% $35,701.93 $1,071 

Engineering 7% $35,701.93 $2,499 

Permitting 7% $35,701.93 $2,499 

Commissioning & Startup 3% $35,701.93 $1,071 

Land/ROW 0% $35,701.93 $0 

Additional Non-Construction Costs 10% $35,701.93 $3,570 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$46,413

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 3, Membrane Filters , Air Compressor

0
Remove existing LeRoi compressor 1 EA $750 $750
Add new SullAir 50 hp compressor 1 EA $29,667 $29,667 Based on 2015 RSM 15210-100-6130
Add new 50 hp VFD 1 EA $10,175 $10,175 2015 RSM 16220-900-1190
Add new air storage tank 1 EA $5,000 $5,000

Subtotal $45,592
Allowance for Misc Items 5% $45,591.67 $2,280 

Subtotal $47,871 

ALLOWANCES:
Finishes Allowance 1.00% $47,871.25 $479
I & C Allowance 2.00% $47,871.25 $957
Mechanical Allowance 15.00% $47,871.25 $7,181 
Electrical Allowance 10.00% $47,871.25 $4,787 

Subtotal  $61,275 

CONTRACTOR MARKUPS:
Overhead 10% $61,275.20 $6,128
Subtotal $67,403
Profit 5% $67,402.72 $3,370
Subtotal $70,773
Mob/Bonds/Insurance 5% $70,772.86 $3,539
Subtotal $74,311

Contingency for items without vendor quotes 40% $74,311.50 $29,725

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $104,036

Escalation 0.0% $104,036.10 $0
SUBTOTAL Construction Cost with Escalation $104,036

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $104,036

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $104,036

Permitting 3% $104,036.10 $3,121 

Engineering 7% $104,036.10 $7,283 

Permitting 7% $104,036.10 $7,283 

Commissioning & Startup 3% $104,036.10 $3,121 

Land/ROW 0% $104,036.10 $0 

Additional Non-Construction Costs 10% $104,036.10 $10,404 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$135,247

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 4, Membrane Filters , Refrigerated Dryer

0
Remove existing Pneumatech refrigerated dryer 1 LS $500 $500
Add new SullAir refrigerated dryer 1 LS $4,608 $4,608 Based on 2015 RSM 15210-200-1750
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $5,108
Allowance for Misc Items 5% $5,108.33 $255

Subtotal $5,364 

ALLOWANCES:
Finishes Allowance 10.00% $5,363.75 $536
I & C Allowance 20.00% $5,363.75 $1,073 
Mechanical Allowance 40.00% $5,363.75 $2,146 
Electrical Allowance 20.00% $5,363.75 $1,073 

Subtotal  $10,191 

CONTRACTOR MARKUPS:
Overhead 10% $10,191.13 $1,019
Subtotal $11,210
Profit 5% $11,210.24 $561
Subtotal $11,771
Mob/Bonds/Insurance 5% $11,770.75 $589
Subtotal $12,359

Contingency for items without vendor quotes 40% $12,359.29 $4,944

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $17,303

Escalation 0.0% $17,303.00 $0
SUBTOTAL Construction Cost with Escalation $17,303

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $17,303

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $17,303

Permitting 3% $17,303.00 $519 

Engineering 7% $17,303.00 $1,211 

Permitting 7% $17,303.00 $1,211 

Commissioning & Startup 3% $17,303.00 $519 

Land/ROW 0% $17,303.00 $0 

Additional Non-Construction Costs 10% $17,303.00 $1,730 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$22,494

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project R&R, Chemical Feed, Potassium Permanganate

0 Drawing P16

Provide secondary injection point for potassium permanganate on raw water line 
downstream of sleeve valve

1 LS $4,000.00 $4,000

Remove existing auger feed system 1 LS $7,500.00 $7,500
Add 2 new auger feed systems 2 EA $200,520.58 $401,041 Based on CPES
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $412,541
Allowance for Misc Items 5% $412,541.15 $20,627 

Subtotal $433,168 

ALLOWANCES:
Finishes Allowance 1.00% $433,168.21 $4,332 
I & C Allowance 2.00% $433,168.21 $8,663 
Mechanical Allowance 3.00% $433,168.21 $12,995 
Electrical Allowance 2.00% $433,168.21 $8,663 

Subtotal  $467,822 

CONTRACTOR MARKUPS:
Overhead 10% $467,821.67 $46,782
Subtotal $514,604
Profit 5% $514,603.83 $25,730
Subtotal $540,334
Mob/Bonds/Insurance 5% $540,334.02 $27,017
Subtotal $567,351

Contingency for items without vendor quotes 40% $567,350.73 $226,940

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $794,291

Escalation 0.0% $794,291.02 $0
SUBTOTAL Construction Cost with Escalation $794,291

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $794,291

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $794,291

Permitting 3% $794,291.02 $23,829 

Engineering 7% $794,291.02 $55,600 

Permitting 7% $794,291.02 $55,600 

Commissioning & Startup 3% $794,291.02 $23,829 

Land/ROW 0% $794,291.02 $0 

Additional Non-Construction Costs 10% $794,291.02 $79,429 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$1,032,578

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 5, Chemical Feed, Ferric/ACH*

0 Drawing P18
Remove existing coagulant pumps 2 LS $750 $1,500
Add 2 new coagulant feed pumps 2 EA $18,000 $36,000
Remove existing ultrsonic level indicators on tanks 2 LS $500 $1,000
Add new ultrasonic level indicators on tanks 2 EA $1,500 $3,000

Subtotal $41,500
Allowance for Misc Items 5% $41,500.00 $2,075 

Subtotal $43,575 

ALLOWANCES:
Finishes Allowance 1.00% $43,575.00 $436
I & C Allowance 10.00% $43,575.00 $4,358 
Mechanical Allowance 4.00% $43,575.00 $1,743 
Electrical Allowance 4.00% $43,575.00 $1,743 

Subtotal  $51,854 

CONTRACTOR MARKUPS:
Overhead 10% $51,854.25 $5,185
Subtotal $57,040
Profit 5% $57,039.68 $2,852
Subtotal $59,892
Mob/Bonds/Insurance 5% $59,891.66 $2,995
Subtotal $62,886

Contingency for items without vendor quotes 40% $62,886.24 $25,154

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $88,041

Escalation 0.0% $88,040.74 $0
SUBTOTAL Construction Cost with Escalation $88,041

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $88,041

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $88,041

Permitting 3% $88,040.74 $2,641 

Engineering 7% $88,040.74 $6,163 

Permitting 7% $88,040.74 $6,163 

Commissioning & Startup 3% $88,040.74 $2,641 

Land/ROW 0% $88,040.74 $0 

Additional Non-Construction Costs 10% $88,040.74 $8,804 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$114,453

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 6a, Chemical Feed, Replace Resin Coating in Storage Tanks

0 Drawing P19
Replace resin coating in tanks 2 LS $10,000 $20,000 Project 9A

Subtotal $20,000
Allowance for Misc Items 5% $20,000.00 $1,000 

Subtotal $21,000 

ALLOWANCES:
Finishes Allowance 1.00% $21,000.00 $210
I & C Allowance 5.00% $21,000.00 $1,050 
Mechanical Allowance 3.00% $21,000.00 $630
Electrical Allowance 6.00% $21,000.00 $1,260 

Subtotal  $24,150 

CONTRACTOR MARKUPS:
Overhead 10% $24,150.00 $2,415
Subtotal $26,565
Profit 5% $26,565.00 $1,328
Subtotal $27,893
Mob/Bonds/Insurance 5% $27,893.25 $1,395
Subtotal $29,288

Contingency for items without vendor quotes 40% $29,287.91 $11,715

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $41,003

Escalation 0.0% $41,003.08 $0
SUBTOTAL Construction Cost with Escalation $41,003

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $41,003

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $41,003

Permitting 3% $41,003.08 $1,230 

Engineering 7% $41,003.08 $2,870 

Permitting 7% $41,003.08 $2,870 

Commissioning & Startup 3% $41,003.08 $1,230 

Land/ROW 0% $41,003.08 $0 

Additional Non-Construction Costs 10% $41,003.08 $4,100 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$53,304

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

August 5. 2016  Page 74 of 87



CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 6b, Chemical Feed, Rest of Original Scope

0 Drawing P19
Provide piping connections for spare pump and plumb to clearwell influent 1 LS $3,000 $3,000 Project 9B
Remove existing 3 pumps 3 LS $750 $2,250 Project 9B
Add 3 new pumps with control systems 3 EA $18,000 $54,000 Project 9B
Provide a shelf spare pump for CIP system 1 EA $15,000 $15,000 Project 9B
Remove ultrasonic level indicators on tanks 2 EA $500 $1,000 Project 9B
Add new ultrasonic level indicatiors on tanks 2 EA $1,500 $3,000 Project 9B
Replace PVC chemical feed piping 1 LS $4,000 $4,000 Project 9B

Subtotal $82,250
Allowance for Misc Items 5% $82,250.00 $4,113 

Subtotal $86,363 

ALLOWANCES:
Finishes Allowance 1.00% $86,362.50 $864
I & C Allowance 5.00% $86,362.50 $4,318 
Mechanical Allowance 3.00% $86,362.50 $2,591 
Electrical Allowance 6.00% $86,362.50 $5,182 

Subtotal  $99,317 

CONTRACTOR MARKUPS:
Overhead 10% $99,316.88 $9,932
Subtotal $109,249
Profit 5% $109,248.56 $5,462
Subtotal $114,711
Mob/Bonds/Insurance 5% $114,710.99 $5,736
Subtotal $120,447

Contingency for items without vendor quotes 40% $120,446.54 $48,179

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $168,625

Escalation 0.0% $168,625.16 $0
SUBTOTAL Construction Cost with Escalation $168,625

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $168,625

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $168,625

Permitting 3% $168,625.16 $5,059 

Engineering 7% $168,625.16 $11,804 

Permitting 7% $168,625.16 $11,804 

Commissioning & Startup 3% $168,625.16 $5,059 

Land/ROW 0% $168,625.16 $0 

Additional Non-Construction Costs 10% $168,625.16 $16,863 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$219,213

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 7, Chemical Feed, Ammonia

0
Remove existing 2 pumps 2 LS $750 $1,500 Drawing P20
Add 2 new pumps with controls 2 EA $18,000 $36,000
Add a secondary chemical feed point on clearwell influent 1 LS $2,000 $2,000
Item 4 1 LS $0 $0

Subtotal $39,500
Allowance for Misc Items 5% $39,500.00 $1,975 

Subtotal $41,475 

ALLOWANCES:
Finishes Allowance 1.00% $41,475.00 $415
I & C Allowance 5.00% $41,475.00 $2,074 
Mechanical Allowance 6.00% $41,475.00 $2,489 
Electrical Allowance 6.00% $41,475.00 $2,489 

Subtotal  $48,941 

CONTRACTOR MARKUPS:
Overhead 10% $48,940.50 $4,894
Subtotal $53,835
Profit 5% $53,834.55 $2,692
Subtotal $56,526
Mob/Bonds/Insurance 5% $56,526.28 $2,826
Subtotal $59,353

Contingency for items without vendor quotes 40% $59,352.59 $23,741

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $83,094

Escalation 0.0% $83,093.63 $0
SUBTOTAL Construction Cost with Escalation $83,094

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $83,094

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $83,094

Permitting 3% $83,093.63 $2,493 

Engineering 7% $83,093.63 $5,817 

Permitting 7% $83,093.63 $5,817 

Commissioning & Startup 3% $83,093.63 $2,493 

Land/ROW 0% $83,093.63 $0 

Additional Non-Construction Costs 10% $83,093.63 $8,309 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$108,022

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 8, Chemical Feed, Caustic

0 Drawing P21
Remove existing FRP tank 1 LS $7,500 $7,500
Add 2 new steel tanks (3,500 gallons each) 2 EA $22,191 $44,382 Based on 2015 RSM 13201-300-3340
Remove existing pumps 2 LS $750 $1,500
Add 2 new pumps with control systems 2 EA $18,000 $36,000
Provide a shelf spare pump for Pall CIP system 1 EA $15,000 $15,000
Add new ultrasonic level indicatiors on tanks 2 EA $1,500 $3,000

Subtotal $107,382
Allowance for Misc Items 5% $107,381.75 $5,369 

Subtotal $112,751 

ALLOWANCES:
Finishes Allowance 2.00% $112,750.84 $2,255 
I & C Allowance 5.00% $112,750.84 $5,638 
Mechanical Allowance 15.00% $112,750.84 $16,913 
Electrical Allowance 6.00% $112,750.84 $6,765 

Subtotal  $144,321 

CONTRACTOR MARKUPS:
Overhead 10% $144,321.07 $14,432
Subtotal $158,753
Profit 5% $158,753.18 $7,938
Subtotal $166,691
Mob/Bonds/Insurance 5% $166,690.84 $8,335
Subtotal $175,025

Contingency for items without vendor quotes 40% $175,025.38 $70,010

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $245,036

Escalation 0.0% $245,035.53 $0
SUBTOTAL Construction Cost with Escalation $245,036

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $245,036

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $245,036

Permitting 3% $245,035.53 $7,351 

Engineering 7% $245,035.53 $17,152 

Permitting 7% $245,035.53 $17,152 

Commissioning & Startup 3% $245,035.53 $7,351 

Land/ROW 0% $245,035.53 $0 

Additional Non-Construction Costs 10% $245,035.53 $24,504 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$318,546

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 9, Chemical Feed, Floor Drains

Disconnect trench drain in driveway from storm sewer system
Demolish 6" PVC 50 LF $75 $3,750
Replace 6" tee with 90° bend 1 EA $500 $500

Subtotal $4,250
Allowance for Misc Items 5% $4,250.00 $213

Subtotal $4,463 

ALLOWANCES:
Finishes Allowance 0.00% $4,462.50 $0
I & C Allowance 0.00% $4,462.50 $0
Mechanical Allowance 0.00% $4,462.50 $0
Electrical Allowance 0.00% $4,462.50 $0

Subtotal $4,463 

CONTRACTOR MARKUPS:
Overhead 10% $4,462.50 $446
Subtotal $4,909
Profit 5% $4,908.75 $245
Subtotal $5,154
Mob/Bonds/Insurance 5% $5,154.19 $258
Subtotal $5,412

Contingency for items without vendor quotes 40% $5,411.90 $2,165

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $7,577

Escalation 0.0% $7,576.66 $0
SUBTOTAL Construction Cost with Escalation $7,577

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $7,577

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $7,577

Permitting 3% $7,576.66 $227 

Engineering 7% $7,576.66 $530 

Permitting 7% $7,576.66 $530 

Commissioning & Startup 3% $7,576.66 $227 

Land/ROW 0% $7,576.66 $0 

Additional Non-Construction Costs 10% $7,576.66 $758 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$9,850

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 10, Clearwell, Back-up for Clearwell Radar Unit

0
Add 4 pressure transducers on suction side of High Service pumps 4 EA $1,500 $6,000
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $6,000
Allowance for Misc Items 5% $6,000.00 $300

Subtotal $6,300 

ALLOWANCES:
Finishes Allowance 0.00% $6,300.00 $0
I & C Allowance 10.00% $6,300.00 $630
Mechanical Allowance 0.00% $6,300.00 $0
Electrical Allowance 15.00% $6,300.00 $945

Subtotal $7,875 

CONTRACTOR MARKUPS:
Overhead 10% $7,875.00 $788
Subtotal $8,663
Profit 5% $8,662.50 $433
Subtotal $9,096
Mob/Bonds/Insurance 5% $9,095.63 $455
Subtotal $9,550

Contingency for items without vendor quotes 40% $9,550.41 $3,820

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $13,371

Escalation 0.0% $13,370.57 $0
SUBTOTAL Construction Cost with Escalation $13,371

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $13,371

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $13,371

Permitting 3% $13,370.57 $401 

Engineering 7% $13,370.57 $936 

Permitting 7% $13,370.57 $936 

Commissioning & Startup 3% $13,370.57 $401 

Land/ROW 0% $13,370.57 $0 

Additional Non-Construction Costs 10% $13,370.57 $1,337 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$17,382

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 11a, Clearwell, Clearwell, serpentine pipe for CT back-up

0 Drawing C3
Pipe trench excavation, bedding, backfill and site restoration for 48" pipe 640 LF $60 $38,400
Tap into existing 30" pipeline 4 LS $2,000 $8,000
48" x 30" tees 2 EA $29,241 $58,482 Based on 2015 RSM 02510-730-8380
48" pipe 640 LF $574 $367,040 Based on 2015 RSM 15107-620-2220
48" elbows 6 EA $13,599 $81,594 Based on 2015 RSM 02510-730-8180
48" butterfly valves 2 EA $33,000 $66,000 Based on 2015 02080-500-3500

Subtotal $619,516
Allowance for Misc Items 5% $619,516.00 $30,976 

Subtotal $650,492 

ALLOWANCES:
Finishes Allowance 0.00% $650,491.80 $0
I & C Allowance 2.00% $650,491.80 $13,010 
Mechanical Allowance 2.00% $650,491.80 $13,010 
Electrical Allowance 1.00% $650,491.80 $6,505 

Subtotal  $683,016 

CONTRACTOR MARKUPS:
Overhead 10% $683,016.39 $68,302
Subtotal $751,318
Profit 5% $751,318.03 $37,566
Subtotal $788,884
Mob/Bonds/Insurance 5% $788,883.93 $39,444
Subtotal $828,328

Contingency for items without vendor quotes 40% $828,328.13 $331,331

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $1,159,659

Escalation 0.0% $1,159,659.38 $0
SUBTOTAL Construction Cost with Escalation $1,159,659

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $1,159,659

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $1,159,659

Permitting 3% $1,159,659.38 $34,790 

Engineering 7% $1,159,659.38 $81,176 

Permitting 7% $1,159,659.38 $81,176 

Commissioning & Startup 3% $1,159,659.38 $34,790 

Land/ROW 0% $1,159,659.38 $0 

Additional Non-Construction Costs 10% $1,159,659.38 $115,966 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$1,507,557

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 11b, Clearwell, Clearwell, Recoat Tank

0 Drawing C3
Re-coat interior steel tank (2 MG) 1 LS $301,000.00 $301,000 Based on COW Asset Inventory
Re-coat exterior steel tank (2 MG) 1 LS $194,000.00 $194,000 Based on COW Asset Inventory

Subtotal $495,000
Allowance for Misc Items 5% $495,000.00 $24,750 

Subtotal $519,750 

ALLOWANCES:
Finishes Allowance 0.00% $519,750.00 $0
I & C Allowance 2.00% $519,750.00 $10,395 
Mechanical Allowance 2.00% $519,750.00 $10,395 
Electrical Allowance 1.00% $519,750.00 $5,198 

Subtotal  $545,738 

CONTRACTOR MARKUPS:
Overhead 10% $545,737.50 $54,574
Subtotal $600,311
Profit 5% $600,311.25 $30,016
Subtotal $630,327
Mob/Bonds/Insurance 5% $630,326.81 $31,516
Subtotal $661,843

Contingency for items without vendor quotes 40% $661,843.15 $264,737

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $926,580

Escalation 0.0% $926,580.41 $0
SUBTOTAL Construction Cost with Escalation $926,580

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $926,580

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $926,580

Permitting 3% $926,580.41 $27,797 

Engineering 7% $926,580.41 $64,861 

Permitting 7% $926,580.41 $64,861 

Commissioning & Startup 3% $926,580.41 $27,797 

Land/ROW 0% $926,580.41 $0 

Additional Non-Construction Costs 10% $926,580.41 $92,658 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$1,204,555

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 12, Electrical, Arc Flash Study

0
Arc Flash study 1 LS $70,000 $70,000 Per Jim Landman's estimate of upper $90k for 
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $70,000
Allowance for Misc Items 5% $70,000.00 $3,500 

Subtotal $73,500 

ALLOWANCES:
Finishes Allowance 0.00% $73,500.00 $0
I & C Allowance 0.00% $73,500.00 $0
Mechanical Allowance 0.00% $73,500.00 $0
Electrical Allowance 0.00% $73,500.00 $0

Subtotal  $73,500 

CONTRACTOR MARKUPS:
Overhead 10% $73,500.00 $7,350
Subtotal $80,850
Profit 5% $80,850.00 $4,043
Subtotal $84,893
Mob/Bonds/Insurance 5% $84,892.50 $4,245
Subtotal $89,137

Contingency for items without vendor quotes 40% $89,137.13 $35,655

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $124,792

Escalation 0.0% $124,791.98 $0
SUBTOTAL Construction Cost with Escalation $124,792

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $124,792

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $124,792

Permitting 3% $124,791.98 $3,744 

Engineering 7% $124,791.98 $8,735 

Permitting 7% $124,791.98 $8,735 

Commissioning & Startup 3% $124,791.98 $3,744 

Land/ROW 0% $124,791.98 $0 

Additional Non-Construction Costs 10% $124,791.98 $12,479 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$162,230

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 13, HVAC, Ventilated Cooling

Add transfer grille between mechanical and membrane room and add an exhaust fan to 
the electrical room

Transfer grille 1 EA $750 $750
Exhaust fan (includes electrical, t-stat and controls) 1 EA $4,500 $4,500
Cut and prep wall 1 LS $1,000.00 $1,000

Subtotal $6,250
Allowance for Misc Items 5% $6,250.00 $313

Subtotal $6,563 

ALLOWANCES:
Finishes Allowance 0.00% $6,562.50 $0
I & C Allowance 0.00% $6,562.50 $0
Mechanical Allowance 0.00% $6,562.50 $0
Electrical Allowance 0.00% $6,562.50 $0

Subtotal $6,563 

CONTRACTOR MARKUPS:
Overhead 10% $6,562.50 $656
Subtotal $7,219
Profit 5% $7,218.75 $361
Subtotal $7,580
Mob/Bonds/Insurance 5% $7,579.69 $379
Subtotal $7,959

Contingency for items without vendor quotes 40% $7,958.67 $3,183

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $11,142

Escalation 0.0% $11,142.14 $0
SUBTOTAL Construction Cost with Escalation $11,142

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $11,142

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $11,142

Permitting 3% $11,142.14 $334 

Engineering 7% $11,142.14 $780 

Permitting 7% $11,142.14 $780 

Commissioning & Startup 3% $11,142.14 $334 

Land/ROW 0% $11,142.14 $0 

Additional Non-Construction Costs 10% $11,142.14 $1,114 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$14,485

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)

August 5. 2016  Page 83 of 87



CH2M To: Summary Sheet

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project YY, Electrical, Electrical System Reliability Improvements - NO PROJECT

0
Item 1 1 LS $0 $0
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project XX, I&C, Instrumentation - NO PROJECT

Replace pressure transucers for the air system citric acid tank, CIP batch tank, CIP 
neutralization tak and caustic tank. Replace temperature sensor for the citric acid tank

Item 1 1 LS $0 $0
Item 2 1 LS $0 $0
Item 3 1 LS $0 $0
Item 4 1 LS $0 $0

Subtotal $0
Allowance for Misc Items 5% $0.00 $0

Subtotal $0 

ALLOWANCES:
Finishes Allowance 0.00% $0.00 $0
I & C Allowance 0.00% $0.00 $0
Mechanical Allowance 0.00% $0.00 $0
Electrical Allowance 0.00% $0.00 $0

Subtotal $0 

CONTRACTOR MARKUPS:
Overhead 10% $0.00 $0
Subtotal $0
Profit 5% $0.00 $0
Subtotal $0
Mob/Bonds/Insurance 5% $0.00 $0
Subtotal $0

Contingency for items without vendor quotes 40% $0.00 $0

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $0

Escalation 0.0% $0.00 $0
SUBTOTAL Construction Cost with Escalation $0

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $0

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $0

Permitting 3% $0.00 $0 

Engineering 7% $0.00 $0 

Permitting 7% $0.00 $0 

Commissioning & Startup 3% $0.00 $0 

Land/ROW 0% $0.00 $0 

Additional Non-Construction Costs 10% $0.00 $0 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$0

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 14, Flocculation/Sedimentation, Add Flocculation/Sedimentation

Provide 4-stage floc to match existing, Floc basin designed for 30 min HRT @ 10 MGD. 
Lamella plate settlers for sed basin. Sed basin designed for effective rise rate of 0.15 
gpm/ft2 @ 10 MGD

Flocculaton basin 1 LS $1,227,000 $1,227,000 CPES Facilities Public_NWTF_Floc_Sed
Lamella Clarifier 1 LS $2,408,000 $2,408,000 CPES Facilities Public_NWTF_Floc_Sed
Relocate 8" W/L 100 LF $101 $10,080 Based on 2015 RSM 02510-730-2060
Tie-in to existing pipeline 1 EA $500 $500
New 24" raw water line 315 LF $174 $54,810 2015 RSM 02510-730-2180
New 24" 45° bends 2 EA $4,533 $9,066 2015 RSM 02510-730-8180
New 24" butterfly valves with electric actuators 2 EA $18,488 $36,975 2015 RSM 02080-500-3500
New 24" mag meter 1 EA $18,000 $18,000
New electric operated 24" sleeve valve 1 EA $174,674 $174,674 Based on Polyjet Sleeve Valve model 810.  

(Erick Maitre, SPX Valves & Controls, Fresno, 
erick.maitre@valves.spx.com, 559.441.5326

New 36" membrane feed line 235 LF $339 $79,736 Based on '2015 RSM 02510-730-2180
New 36" 90° bends 2 EA $6,800 $13,599 Based on 2015 RSM 02510-730-8180

Subtotal $4,032,440
Allowance for Misc Items 5% $4,032,439.50 $201,622 

Subtotal $4,234,061 

ALLOWANCES:
Finishes Allowance 0.00% $4,234,061.48 $0
I & C Allowance 0.00% $4,234,061.48 $0
Mechanical Allowance 0.00% $4,234,061.48 $0
Electrical Allowance 0.00% $4,234,061.48 $0

Subtotal  $4,234,061 

CONTRACTOR MARKUPS:
Overhead 10% $4,234,061.48 $423,406
Subtotal $4,657,468
Profit 5% $4,657,467.62 $232,873
Subtotal $4,890,341
Mob/Bonds/Insurance 5% $4,890,341.00 $244,517
Subtotal $5,134,858

Contingency for items without vendor quotes 40% $5,134,858.05 $2,053,943

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $7,188,801

Escalation 0.0% $7,188,801.28 $0
SUBTOTAL Construction Cost with Escalation $7,188,801

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $7,188,801

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor 100.00 $7,188,801

Permitting 3% $7,188,801.28 $215,664 

Engineering 7% $7,188,801.28 $503,216 

Permitting 7% $7,188,801.28 $503,216 

Commissioning & Startup 3% $7,188,801.28 $215,664 

Land/ROW 0% $7,188,801.28 $0 

Additional Non-Construction Costs 10% $7,188,801.28 $718,880 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment Factor, 
and Non-Construction Costs

$9,345,442

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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CH2M To: Summary Sheet Existing NWTF 
36" Raw Water 
Pipeline

$15,623,636.23

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES

PROJECT NO:  662055.03.30.05

PREPARED BY:  E.R.MEYER

DESCRIPTION QUANTITY UNIT $/UNIT TOTAL REFERENCE
(includes Material & 

Installation)
COST

NW Project 15 - New Raw Water Pipeline for NWTF

Pipeline (1 at 30" diameter) 10,917 LF $502 $5,480,334 Based on CPES
Major Street Crossings (1 each at 30") 150 LF $358 $53,750 Based on 2015 RSM 02445-300-0200
Street Crossings (2 each at 30") 150 LF $358 $53,750 Based on 2015 RSM 02445-300-0200
Jacking Pits 6 EA $5,000 $30,000 2015 RSM 02445-300-1100

Subtotal $5,617,834
Allowance for Misc Items 5% $5,617,834.00 $280,892 

Subtotal $5,898,726 

ALLOWANCES:
Finishes Allowance 0.00% $5,898,725.70 $0
I & C Allowance 0.00% $5,898,725.70 $0
Mechanical Allowance 0.00% $5,898,725.70 $0
Electrical Allowance 0.00% $5,898,725.70 $0

Subtotal  $5,898,726 

CONTRACTOR MARKUPS:
Overhead 10% $5,898,725.70 $589,873
Subtotal $6,488,598
Profit 5% $6,488,598.27 $324,430
Subtotal $6,813,028
Mob/Bonds/Insurance 5% $6,813,028.18 $340,651
Subtotal $7,153,680

Contingency for items without vendor quotes 40% $7,153,679.59 $2,861,472

Contingency for items with vendor quotes 10% $0.00 $0
SUBTOTAL with Markups $10,015,151

Escalation 0.0% $10,015,151.43 $0
SUBTOTAL Construction Cost with Escalation $10,015,151

Tax 0% $0.00 $0
TOTAL Construction Cost with Escalation & Tax $10,015,151
TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor

100.00 $10,015,151

Permitting 3% $10,015,151.43 $300,455 

Engineering 7% $10,015,151.43 $701,061 

Permitting 7% $10,015,151.43 $701,061 

Commissioning & Startup 3% $10,015,151.43 $300,455 

Land/ROW 0% $10,015,151.43 $0 

Additional Non-Construction Costs 10% $10,015,151.43 $1,001,515 

TOTAL Construction Cost with Escalation & Tax, and Location Adjustment 
Factor, and Non-Construction Costs

$13,019,697

CITY OF WESTMINSTER: SEMPER WTP AND NWTP UPGRADES
(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32)
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ATTACHMENT 2 

Project Capital Costs Summary (2015 Dollars) 
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Project Description Capital Costs (2015 Dollars) 

Semper Projects Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
Semper Project 4, 
Flocculation/ 
Sedimentation, No 
Mechanical Flocculation 

2,145,000 2,145,000 2,145,000 N/A N/A 2,145,000 

Semper Project 7, 
Flocculation/ 
Sedimentation, Sludge 
Collection (North 
Sedimentation Basin) 

532,000 532,000 532,000 532,000 532,000 532,000 

Semper Project 8, 
Flocculation/ 
Sedimentation, Sludge 
Pump Vault on South 
Sedimentation Basin 

119,000 119,000 119, 000 119,000 119,000 119,000 

Semper Project 9, 
Flocculation/ 
Sedimentation, 
Sedimentation Basin 
Dewatering Pumps 
(South Side) 

143,000 143,000 143,000 143,000 143,000 143,000 

Semper Project 10, 
Flocculation/ 
Sedimentation, Flow to 
Each Sed Basin isn’t 
evenly split 

37,000 37,000 37,000 37,000 37,000 37,000 

Semper Project 11b, 
Flocculation/ 
Sedimentation, North 
Side Sed Basin Heating, 
2) Air stones could be 
used to prevent ice 
formation (e.g., at sludge 
collectors) 

N/A 9,000 9,000 N/A N/A 9,000 

Semper Project 11c, 
Flocculation/ 
Sedimentation, North 
Side Sed Basin Heating, 
3) Insulate building only 
and monitor 

189,000 N/A N/A 189,000 189,000 N/A 

Semper Project 11d, 
Flocculation/ 
Sedimentation, North 
Side Sed Basin Heating, 
4) Unit heater 
installation to heat 
building space in winter 

29,000 N/A N/A 29,000 29,000 N/A 

Semper Project 12a, 18, 
and 19, Filters – 
Conversion to Deep Bed 
Filters 

N/A 17,103,000 17,103,000 N/A N/A 22,208,000 

Semper Project 13a, 
Filters, Shallow Media 
Profile 

2,075,000 N/A N/A 2,075,000 2,075,000 N/A 

Semper Project 14, 
Filters, Vulnerable Filter 
Effluent Piping 

264,000 264,000 264,000 264,000 264,000 264,000 
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Project Description Capital Costs (2015 Dollars) 

Semper Projects Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
Semper Project 17, 
Filters, Filter 8 is “Dead 
Filter” 

Not recommended. 
 

Semper Project 20a, 
Filters, HVAC in Filter 
Pipe Gallery 

212,000 212,000 212,000 N/A N/A 212,000 

Semper Project 20b, 
Filters, Recoat Rusted 
Gallery Piping 

0 0 0 N/A N/A 0 

Semper Project 21, 
Filters, Backwash Lagoon 
Dewatering Pumps 

366,000 366,000 366,000 366,000 366,000 366,000 

Semper Project 22, 
Filters, Backwash Lagoon 
Concrete Repair 

644,000 644,000 644,000 644,000 644,000 644,000 

Semper Project 23, 
Disinfection, No UV 
Disinfection (as originally 
planned) 

N/A N/A N/A N/A N/A N/A 

Semper Project 24, 
Disinfection, Baffling 
Upgrades 

34,000 34,000 34,000 34,000 34,000 34,000 

Semper Project 25, 
Chemical Feed, Chemical 
Storage and Metering, 
NO PROJECT FOR NOW 

N/A N/A N/A N/A N/A N/A 

Semper Project 26, 
Chemical Feed, Lime Silo 
Storage Not Adequate 

1,079,000 1,079,000 1,079,000 1,079,000 1,079,000 1,079,000 

Semper Project 27, 
Chemical Feed, Sodium 
Hydroxide Feed 

153,000 153,000 153,000 153,000 153,000 153,000 

Semper Project 29, I&C, 
Pump Station Radio Link 

116,000 116,000 116,000 116,000 116,000 116,000 

Semper Project 30, 
Electrical, Old MCCs 

293,000 293,000 293,000 293,000 293,000 293,000 

Semper Project 31, 
Electrical, MCC wiring to 
equipment, Wiring from 
the MCCs to the process 
equipment. 

70,000 70,000 70,000 70,000 70,000 70,000 

Semper Project 32 and 
35, Electrical, Empty 
pump bay at High 
Service Pump Station 

N/A N/A N/A N/A N/A N/A 

Semper Project 33, 
Electrical, Utility 
Transformer 
Redundancy, Provide an 
additional 2400 V 
transformer as a spare, 
but do not install it. 
Equipment purchase 
only.  

N/A N/A N/A N/A N/A N/A 
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Project Description Capital Costs (2015 Dollars) 

Semper Projects Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
Semper Project 34, 
Electrical, Corroded 
Electrical Boxes, Leave 
item, but no project for 
now.  

N/A N/A N/A N/A N/A N/A 

Semper Project 35, High 
Service Pump Station, 
New 400 HP Pump, 
INCLUDED IN PROJECT 
32 

N/A N/A N/A N/A N/A N/A 

Semper Project 36, Rapid 
Mixing Improvements 

7,000 7,000 7,000 7,000 7,000 7,000 

Semper Project 37, 
Solids Handling 
Upgrades 

19,117,000 9,559,000 9,559,000 0 0 10,939,000 

Northwest Projects Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
NW Project R&R, Raw 
Water, Raw Water Flow 
Meter, Pressure 
Transducer & Sleeve 
Valve 

N/A N/A N/A N/A N/A N/A 

NW Project 1, 
Flocculation/Sedimentati
on, Rapid Mix Box 

115,000 115,000 115,000 115,000 115,000 115,000 

NW Project 2, 
Flocculation/ 
Sedimentation, Water 
level transducers at 
flocculation and 
sedimentation basins – 
regulates sleeve valve 

7,000 7,000 7,000 7,000 7,000 7,000 

NW Project R&R, 
Membrane Filters, Clean 
In Place procedure 

N/A N/A N/A N/A N/A N/A 

NW Project 3, 
Membrane Filters, Air 
Compressor 

135,000 135,000 135,000 135,000 135,000 N/A 

NW Project 4, 
Membrane Filters, 
Refrigerated Dryer 

22,000 22,000 22,000 22,000 22,000 N/A 

NW Project 5, Chemical 
Feed, Ferric/ACH* 

114,000 114,000 114,000 114,000 114,000 N/A 

NW Project 6a, Chemical 
Feed, Replace Resin 
Coating in Storage Tanks 

53,000 53,000 53,000 53,000 53,000 N/A 
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Project Description Capital Costs (2015 Dollars) 
Northwest Projects Alt 2 Alt 3a Alt 3b Alt 4a Alt 4b Alt 5 
NW Project 7, Chemical 
Feed, Ammonia 

108,000 108,000 108,000 108,000 108,000 N/A 

NW Project 8, Chemical 
Feed, Caustic 

319,000 319,000 319,000 319,000 319,000 N/A 

NW Project 9, Chemical 
Feed, Floor Drains 

10,000 10,000 10,000 10,000 10,000 10,000 

NW Project 10, 
Clearwell, Back-up for 
Clearwell Radar Unit 

17,000 17,000 17,000 17,000 17,000 17,000 

NW Project 11a, 
Clearwell, Clearwell, 
serpentine pipe for CT 
back-up 

N/A 1,508,000 1,508,000 1,508,000 1,508,000 N/A 

NW Project 11b, 
Clearwell, Clearwell, 
Recoat Tank 

N/A 1,205,000 1,205,000 1,205,000 1,205,000 N/A 

NW Project 12, Electrical, 
Arc Flash Study 

162,000 162,000 162,000 162,000 162,000 162,000 

NW Project 13, HVAC, 
Ventilated Cooling 

14,000 14,000 14,000 14,000 14,000 14,000 

NW Project 14, 
Flocculation/ 
Sedimentation, Add 
Flocculation/ 
Sedimentation 

N/A 9,345,000 9,345,000 9,345,000 9,345,000 N/A 

NW Project 15 - New 
Raw Water Pipeline for 
NWTF 

N/A 15,624,000 N/A 15,624,000 N/A N/A 

Standley Lake  
WTP Projects Alt 2 Alt 3 Alt 6 Alt 4 Alt 7 Alt 5 
New WTP Plant 74,019,000 96,572,000 96,572,000 165,850,000 165,850,000 96,572,000 

Two New Finished Water 
Pipelines from Standley 
Lake WTP to Semper 
Clearwell/Pump Station 

34,704,000 40,102,000 40,102,000 51,026,000 51,026,000 40,102,000 

TOTAL COSTS 137,642,000 198,536,000 182,912,000 252,003,000 236,379,000 176,369,000 
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Discount Rates and Inflation 
PREPARED FOR: Kerry Meyer  

PREPARED BY: George Oamek 

DATE: August 5, 2016 

 

The City of Westminster Drinking Water Treatment Master Plan addresses a capital program spanning a 50-
year planning period. As a result of this long-term outlook, careful attention should be given to the separate 
concepts of future price levels and the time value of money, and how these factors influence the life-cycle 
costs of the alternatives.  

Inflation 
Expectations about future price levels are reflected in the rate of cost escalation, or inflation, assumed for 
the cost estimates. Inflation is an economic term that indicates the increase in price levels of goods and 
services over time (as measured by CPI and ENR cost indices, for instance) and can be more precisely 
defined as “a persistent rise in the prices associated with a basket of goods and services that is not offset by 
increased productivity.” 

For purposes of this discussion, inflation and cost escalation are assumed to be equivalent terms. Since 
about the mid-1960s, price levels for most goods and services produced in the U.S. have tended to rise at a 
long-term rate of about 3 percent. Moving averages of price levels within the last 50-year time frame may 
show slightly higher of lower rates of inflation, depending on the specific time frame selected, but for 
discussion purposes, 3 percent is a good representation of the long-term, economy-wide average. Factors 
that affect the inflation rate at any particular time include: 
• Supply and demand for factors of production, such as an excess demand or excess supply of 

commodities such as oil and food. 
• Technological changes, such as new and better computers and electronic instrumentation and controls, 

all at lower cost. 
• Environmental effects or environmental regulation that increase construction costs 
• Political and miscellaneous events that impact demands for commodities. 

Like others, Westminster has observed that annual cost escalation for water-related construction projects in 
the region, such as water treatment plant components, has been outpacing the economy’s overall inflation 
rate. Costs for water-related projects appear to have been increasing at an annual rate of 4 percent, 
compared to a rate of 3 percent for most other goods and services in the economy. In addition, long-term 
cost trends in the water and sewer industry also show greater than average increases in costs, in the range 
of 5% per year1. Therefore, some focus on whether costs for components of the Master Plan are expected 
increase at a rate equal to, or greater than, the economy’s general price level is appropriate.  

                                                           
1 Water and Sewer CPI, 1953-2014, as observed in Michigan State University, Institute of Public Utilities, “Trends in Consumer Prices (CPI) for Utilities 
Through 2014.” 
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Discount Rate 
The time value of money is reflected in the discount rate used to express future benefits and expenditures in 
present day dollars. It recognizes that a dollar today is worth more than a dollar a year from now, even if the 
rate of inflation is zero. To be clear, inflation is not equal to the discount rate, although inflation may be a 
component of the discount rate.   

Mathematically, the discount rate and the number of years into the future form the basis of the present 
value factor, PV: 

PV = 1/(1+r)^t 

Where r is the discount rate and t is the number of years into the future being considered. If one works 
through the math, for any discount rate, as the number of years in the future increases, t, the smaller the 
factor becomes.  

A low discount rate results in a relatively larger PV factor compared to a high discount rate. A low discount 
rate implies a longer-term outlook because it values future benefits and costs nearly as high as present day 
benefits and costs. In terms of societal goals, it contributes more to inter-generational equity. A high 
discount rate tends to place more value on the short-term. Future benefits and costs are given less weight 
and the next generation can fend for itself. 

The discount rate also has some conceptual similarities to an interest rate on a loan, sort of a mirror image. 
The interest rate expresses the time value of money for the lending institution over a fixed period of time. If 
inflation is zero or very low, such as the current conditions, banks will still charge a borrower interest on a 
loan, although loan interest rates tend to be smaller during times of low inflation. In times of high inflation, 
lenders will tend to charge high rates of interest, as seen by mortgage interest rates of 15 percent and 
higher during the high inflation years of the early 1980s.  

The interest rate consists of two components: the true time value of money and the effect of inflation. At 
fear of being repetitive, during times of zero inflation, banks still charge interest and provide evidence that 
the time value of money exists and is greater than zero. As an example, one might be charged 7 percent 
interest for an automobile loan, of which 4 percent accounts for the bank’s value of money (and risk) and 
the other 3 percent offsets the impact of inflation. 

Similarly, discount rates have these same two components, the true or “real” time value of money and the 
anticipated rate of inflation. More specifically, there are two definitions of the discount rate: 
• The “real” discount rate which identifies an entity’s time value of money without the impact of inflation. 
• The “nominal” discount rate which is the sum of the real discount rate and anticipated inflation. 

Application to the Westminster Water Treatment Master Plan 
Life-cycle cost, expressed as the net present value (NPV) of all future capital and O&M costs, is a heavily 
weighed comparison criteria for selecting the preferred Master Plan alternative. The CH2M CPES cost 
estimating model contains assumption cells for both the nominal discount rate and the rate of inflation. For 
the draft baseline analysis, the rate of annual cost escalation, or inflation, is assumed to be 3 percent. These 
escalated costs are then discounted back to present value using an assumed nominal discount rate of 
5 percent. The effective, or “real”, discount rate is 2 percent, or 5 percent minus 3 percent. These are 
reasonable assumptions for long-term planning.2  

                                                           
2 Equivalently, for ranking alternatives, many agencies find it more straightforward to simply assume 0% inflation and a 
“real” discount rate. This is because future, inflated cost estimates are more difficult to relate to. Through the miracle 
of compounding, cost estimates can “explode” after 10 to 20 years, depending on the assumed rate of inflation, and 
become relatively hard to understand because one can confuse the cost estimate itself with the inflationary effects. In 
fact, Federal resource agencies, including the Corps of Engineers, Bureau of Reclamation, and others, direct analysts to 
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Are the assumptions currently contained in the baseline model appropriate for Westminster? Unfortunately, 
there is no single “correct” answer because it the City’s “real” discount rate is undefined and future cost 
escalation levels are highly uncertain. However:  

• There appears to be ample evidence that an inflation, or escalation, rate of 3% may be somewhat low 
for water utility facilities. Potentially, a 4-percent rate may better capture the future price increases. 

• The authorizing legislation for large-scale federal water projects often identifies a “real” discount rate to 
use for benefit-cost evaluation. These real discount rates tend to be in the 2- to 4-percent range, 
depending on the period in time the project was authorized. For example, in the re-authorization of the 
Central Utah Project, a real discount rate of 3.125 percent is prescribed for project evaluation. 
Therefore, a real discount rate in the 3-percent range appears reasonable for public expenditures. 
Adding anticipated inflation of 3 percent to this yields a nominal discount rate of 6 percent; if 4-percent 
inflation is assumed the nominal discount rate would increase to 7 percent.  

• For purposes of this Westminster evaluation, an inflation rate assumption of 4 percent appears most 
supportable, as well as “real” discount rate of 3 percent, yielding a nominal discount rate of 7 percent. 

• Regardless of what is assumed, the CPES model can change these assumptions through modification of 
two spreadsheet cells. Considering this, sensitivity analyses will be conducted to examine a reasonable 
range of assumptions for both the rate of inflation and the nominal discount rate. If the ranking of the 
alternatives’ NPV changes with different combinations of these assumptions, this issue will be re-
examined. However, it is more likely the rankings will stay the same, although the NPV values will be 
different with each combination. 

Reference 
Inflation and Escalation in Economics 
https://www.e-education.psu.edu/eme460/node/546 

                                                           
assume 0% inflation in long-term planning studies and use a “real” discount rate when bringing future costs to present 
value. 
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Cost Sensitivity Analysis 
PREPARED FOR: City of Westminster  

PREPARED BY: CH2M 

DATE: August 5, 2016 

Purpose and Outcomes 
The purpose of this technical memorandum (TM) to identify major sources of cost uncertainty regarding the 
water treatment location alternatives and incorporate these uncertainties into the alternative selection 
process. The focus of the uncertainty analysis was on potential differentiators that weren’t adequately 
captured by the cost or non-monetary evaluation. The major outcomes of this TM include the following:  
• The costs for the each of the Water Treatment Location Alternatives is approximately the same given 

the conceptual nature of the estimates, but maintaining Semper (Alternative 2) has the widest cost 
variability.  

• Alternative 2 (maintaining Semper) has the highest positive skewness (e.g., greatest “bias” towards a 
cost greater than the Engineer’s estimate) when compared to the other alternatives. 

• In terms of sensitivity with respect to future cost uncertainties, the value and uncertainty around 
Semper’s repair and rehabilitation drives the results. 

Introduction 
The water treatment location alternative lifecycle costs captured in the cost-benefit TM are a critical input 
to the uncertainty analysis. The lifecycle cost estimates were developed for a 50-year period from 2016 
through 2065. The results are defined as the present value of estimates for each alternative, including 
capital, operation and maintenance (O&M), and periodic capital replacements over the 50-year period. A 
real discount rate of 3 percent is used to calculate present value, which can equivalently be thought of as 
the difference between a nominal discount rate of 7 percent and an assumed inflation rate of 4 percent. 
Other key cost estimating assumptions are presented in more detail in the Cost-Benefit TM.  

The uncertainty analysis focuses upon the following: 
• Costs for new water treatment facilities and pipeline projects, including construction cost, permitting 

cost, and other development costs 
• Costs for rebuilding existing treatment facilities, primarily the Semper WTP, to desired standards, 

including construction cost, permitting cost, and other development costs 
• The chronic repair and rehabilitation (R&R) of existing, aging capital equipment, primarily at the 

Semper WTP 

Background  
A similar uncertainty analysis was conducted by Denver Water during their evaluation of whether to rebuild 
Moffat Water Treatment Plant or build new. As part of that exercise, detailed real-world information was 
collected by a team of consultants and Denver staff in order to provide realistic inputs for the uncertainty 
model. Examples included percentage of change orders with new and existing plant construction, cost 
distribution for plant rehabilitation projects, etc. Relevant data from the Denver Water work was leveraged 
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as a starting point for this analysis and applied to the City of Westminster Water Treatment Location 
Alternatives.  

Method of Analysis 
Monte Carlo simulation is a method used to examine the combined uncertainties behind capital cost 
estimates. Monte Carlo simulation is a conceptually simple technique that looks at the combined impact of a 
large number of possible values of uncertain variables. These values are probability-weighted based on 
assumptions using historical data or good engineering judgment to describe the underlying uncertainties. 
The combined impact is represented by a joint probability function of the estimated cost, which is the 
mathematical product of the underlying uncertainties. An example of joint probability functions for two 
hypothetical alternatives is shown in Figure 1.  

 
Figure 1. Hypothetical Cost Analysis using Monte Carlo Simulation 

The benefit of using Monte Carlo simulation is its relative ease of use and its acceptance by a wide range of 
federal agencies for assessing the uncertainty of engineering cost estimates. These agencies include the U.S. 
Army Corps of Engineers, which uses Monte Carlo simulation in its Hydrologic Engineering Center Flood 
Damage Reduction Analysis (HEC-FDA) model, and the U.S. Bureau of Reclamation. 

The analytical benefit of using the Monte Carlo approach is that all information known about the estimated 
cost is embodied in the analysis in a probability framework, as graphically illustrated in Figure 1. Theses 
curve represent the joint probability distributions of estimated lifecycle costs for two hypothetical 
alternatives, A and B. With hypothetical Alternative A, the most probable cost is about $325 million, but the 
uncertainty around this value is relatively high, spreading from $310 to $370 million. Conversely, Alternative 
B has a higher expected net present value (NPV), about $335 million, but the uncertainty around this 
estimate is significantly less, ranging from about $320 million to $350 million. 
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It is important to note that Figure 1 provides valuable information, but the selection of a preferred 
alternative would depend on the level of risk aversion among the decision-makers.1In most cases, 
Alternative A should be less expensive, but there is still a significant risk that the cost may be much higher 
than Alternative B. 

For purposes of this analysis, most cost uncertainties will be described using “triangular” statistical 
distributions that approximate more complex relationships. For a triangular distribution, one needs to 
specify the most likely value of a cost—the Engineer’s estimate—and bracket it with a plausible low and high 
bounds. The benefit of using a triangular distribution is that it reduces the data needs to three easily 
understood estimates, the low, most likely, and high, that can reasonably approximate normal and skewed 
distributions. The disadvantage of this simplifying process is that distributions with “skinny” middles and 
long “tails” can be misrepresented because they least resemble a triangle. 

The exception to the triangular distribution was with Semper retrofit costs, which were assumed to be 
distributed in a manner consistent with Denver Water’s survey of change orders for retrofit projects. Other 
than this exception, the assumed triangular distribution appears to adequately represent the known 
uncertainties for purposes of this analysis. 

Overall, there is a widespread belief, backed by Denver Water’s empirical data, that variability around the 
engineer’s cost estimate of new treatment facilities will be less than the variability of around the estimate of 
retrofitting or rebuilding existing facilities. This belief is based on the presence of greater unknowns with the 
building site, the unknown condition of buried infrastructure, sequencing of activities while the plant is still 
in operation, and an incomplete knowledge of existing infrastructure, among others. 

Cost Uncertainties with New Facilities 
The City of Westminster Master Plan – Cost-Benefit Analysis TM presents the capital, operations and 
maintenance costs and NPV for each Water Treatment Location Alternative. For illustrative purposes, these 
“Class 5” cost estimate as defined by AACE-International are used as the “Engineer’s Estimate” for the Water 
Treatment Location Alternatives in this exercise. For purposes of assessing the cost uncertainties with new 
treatment facilities and new finished water pipeline cost estimates, it is assumed that: 
• The most likely value is the Engineer’s estimate. 
• The low value is 0.90 times the Engineer’s estimate. 
• The high value is 1.20 times the Engineer’s estimate. 

Graphically, Figure 2 shows the shape of the assumed cost distribution using the estimated 2025 water 
treatment plant expenditures of Alternative 3 as an example. 

It should be noted that the assumed variability around the Engineer’s estimate assumed here is greater than 
the variability shown in Denver Water’s survey of change orders associated with new treatment facilities. 
Westminster is taking a more conservative approach with respect to risk, and the Denver data applies to 
change orders applicable to designed plants under construction. For Westminster, these facilities are still in 
the planning phase, so a more conservative approach is reasonable. In addition, the distribution is slightly 
skewed toward the high end, reflecting the belief that it is more likely the actual cost will be higher than the 
Engineer’s estimate than below it. 

                                                           
1 For “risk-neutral” decision-makers, there are a number of stochastic dominance methods for ranking alternatives with respect to risk. Similarly, for 
risk-averse or risk-loving decision-makers there are methods that rank alternatives with respect to stated risk preferences. These decision tools were 
not developed for this analysis on the basis that what has been developed is sufficient for decision-making. 
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Figure 2. Assumed Shape of Cost Distribution for New Treatment Facilities 

Using 2025 Alternative 3 Estimates as an Example 

Cost Uncertainties with Rebuilding and Retrofitting Facilities 
For this analysis, cost uncertainties associated with rebuilding and retrofitting facilities applies to major 
upgrades to the Semper WTP, specifically projects identified as Semper 12, 18, and 19. These projects 
address a major reinvestment in the existing filters (e.g., construction of deep bed filters) as described in the 
Westminster Master Plan Alternatives – Cost-Benefit Analysis TM. For these items, Denver Water’s analysis 
of retrofit cost uncertainties appears to be equally applicable to Westminster, so similar assumptions about 
uncertainties have been developed. Specifically, Denver Water derived the relationship indicated in Table 1 
with respect to change orders for retrofit projects versus new construction.  

Table 1. Relationship between Change Order Costs and Probability of Exceeding those Costs  
on Retrofits and New Construction 

Change Orders for Retrofit 
Change Orders for New Plant at New Location  

(Greenfield WTP) 

Change Order Impact 
(Percent of Overall Cost) 

Probability of Exceeding 
the Project Cost 

Change Order Impact 
(Percent of Overall Cost) 

Probability of Exceeding 
the Project Cost 

5% 86% 1.0 70% 

10% 57% 5.0% 10% 

15% 14% 10.0% 0% 

 
   

This relationship indicates that there is an 86 percent probability that change orders will increase the project 
cost by 5 percent or more; there is a nearly 60 percent (57 percent) that change orders will increase costs by 
10 percent or more; and a 14-percent probability that change orders will increase project costs by 
15 percent or more. 

For Alternatives 3a and 3b, the uncertainty around the cost estimate of $17.1 million for the filtration 
components is graphically shown in Figure 3. For Alternative 5, Figure 4 shows the assumed variability 
around its cost estimate of $22.2 million. It should be noted that the uncertainty is assumed to be all on the 
high side, that is, the assumed probability of completing the work below the Engineer’s estimate is  
near zero. 
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Figure 3. Assumed Shape of Cost Distribution  

for Semper Deep Bed Filter Retrofits, Alternatives 3a and 3b 

 

 
Figure 4. Assumed Shape of Cost Distribution for Semper Deep Bed Filter Retrofits, Alternative 5 
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Cost Uncertainties with Repair and Rehabilitation of Existing Facilities 
One of the City’s major concerns is the ongoing costs of maintaining an aged Semper WTP. Anecdotally, it 
has been observed that to keep Semper running at high efficiency currently costs $4 million per year above 
O&M. These costs are a combination of capital improvement plan type costs as well as unplanned costs that 
are related to age and the integration of older and newer components at the plant. In addition, it is 
anticipated that these unplanned costs will increase in real terms over time. In response to this, a cost 
function was developed that estimates annual repair and rehabilitation (R&R) as a function of the age of the 
plant and its original value: 

Annual R&R = Plant Age (yrs.) * Annual R&R % *  
Replacement value of Plant (million) * Fraction of Plant that is Original 

For the Semper WTP, the annual R&R percentage was considered to be a random variable whose most likely 
value was estimated to be 0.05 percent of the facility’s value per year of facility age. Setting Semper’s age at 
46 years (based on original construction in 1969), this value results in estimated R&R costs for 2015 at 2.35 
percent of the facility’s value, or slightly over $2 million in excess of the capital projects already identified for 
the plant that year. The goal was to calibrate the R&R model so that the sum of the annual R&R estimate 
plus the known capital projects mimics the current spend rate for Semper which is approximately $4 million 
per year. The R&R costs for Semper are estimated to increase to about $4.2 million (in real, 2016 dollars) by 
the end of the planning horizon. That R&R estimate is in addition to the known projects already identified 
for the plant in the CIP TM. For alternatives that involve decommissioning, R&R costs were held steady at 
their current levels on the basis that any future investment to further lengthen the life of the plant would 
not be taken. 

The baseline, most likely R&R at Semper is estimated to be 0.05 percent of its replacement value per year of 
facility age: 
• The low end estimate is assumed to be 0.04 percent per year of age. 
• The high estimate is assumed to be 0.08 percent per year of age. 

Figure 5 illustrates the assumed shape of the R&R percentage estimate. (Note: this is not the shape of the 
distribution for alternatives where Semper is decommissioned in 2040.) 

 
Figure 5. Assumed Distribution of R&R Percentage at Semper WTP 
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R&R at the Northwest WTP is estimated in a similar manner, but the total annual cost, currently estimated 
to be about $0.50 million, is significantly less because the plant is relatively new. 

The baseline, most likely R&R at Northwest is estimated to be 0.05 percent of its replacement value per year 
of age: 
• The low estimate is assumed to be 0.04 percent per year of age. 
• The high estimate is assumed to be 0.06 percent per year of age. 

Results of the Monte Carlo Simulations 
The Monte Carlo simulations examined 10,000 unique, probability-weighted combinations of the above 
uncertainties. Each variable was assumed to be independent, or not correlated, with the others. 

Lifecycle Costs 
Figure 6 shows the results of the simulations in terms of the alternatives’ lifecycle costs expressed in net 
present value. The purpose of this figure is to demonstrate the range of potential lifecycle costs represented 
by the alternatives, ranging from $280 million to $370 million. Comparing these alternatives side-by-side, 
Alternative 2 clearly has the most variability in cost, which means that there is an increased cost uncertainty 
and risk associated with maintaining Semper. Making pair-wise comparisons is difficult with Figure 6, so 
subsequent figures focus on specific sets of alternatives.  

   

 

 

 

 

 

 

 

 

 

 

Figure 6. Results of the Monte Carlo Simulations for All Alternatives 

Table 2 summarizes the statistics associated with each alternative’s simulation. In addition to the typical 
measures of mean, median, and standard deviation, Table 2 also summarizes the skew of the resulting 
distribution and its coefficient of variability. As the term suggests, the skew measures the bias, or non-
symmetry, of the distribution. A positive skew indicates a bias towards the high side, with a negative skew 
indicating the opposite. The coefficient of variation is alternative measure of variability of the distribution, 
defined as the ratio of the standard deviation to the mean. 

  

Alt 3b 

Alt 2 

Alt 3a 
Alt 4a Alt 4b 

Alt 5 

https://en.wikipedia.org/wiki/Standard_deviation
https://en.wikipedia.org/wiki/Mean
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Table 2. Summary Statistics from the Monte Carlo Simulations 

Statistic NPV Alt. 2 NPV Alt 3a NPV Alt. 3b NPV Alt. 4a NPV Alt. 4b NPV Alt. 5 

Trials 10,000 10,000 10,000 10,000 10,000 10,000 

Mean $336 $335 $323 $311 $300 $308 

Median $334 $334 $323 $311 $300 $307 

Standard Deviation $13.00 $6.00 $6.00 $7.00 $7.00 $8.00 

Variance $173 $35.00 $35.00 $48.00 $48.00 $72.00 

Skewness1 0.406 0.242 0.242 0.241 0.241 0.357 

Coefficient of Variability2 0.039 0.018 0.018 0.022 0.023 0.028 

Minimum $305 $318 $307 $289 $278 $287 

Maximum $376 $354 $343 $337 $326 $336 

1. Skewness is a statistical term that is a measure of the asymmetry of the probability distribution of a real-valued random variable 
about its mean. 

2. Coefficient of Variability is a statistical term that represents the ratio of the standard deviation to the mean. The higher the CV, 
the greater the dispersion in the variable. 

An interesting observation is the relatively high expected cost of Alternative 2 and the high degree of 
variability. Recall that Alternative 2 continues to use Semper as base load facility, and all of the uncertainties 
associated with future retrofit projects and Semper R&R expenditures cause the wide spread in its cost. 
Alternatives 4a, 4b, and 5 appear to have lower costs and lower variability around the costs compared to the 
other alternatives. Given the conceptual nature of the cost estimates and relative similarity of the mean 
costs for each alternative, the difference in the results pertaining to cost certainty have a larger impact on 
alternative favorability than lifecycle cost calculated which are approximately equivalent.  

Alternatives 3a, 4a, and 5 are compared in Figure 7. This figure shows that Alternative 5, involving the 
retirement of the Northwest WTP, has the lowest cost certainty among these three alternatives. 

 
Figure 7. Comparison of Alternatives 3a, 4a, and 5 

  

Alt 3a Alt 4a 

Alt 5 
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Recall that Alternatives 4a and 4b are nearly identical with the exception of a redundant NWTF raw water 
pipeline. Similarly, Alternative 3b is nearly the same as Alternative 3 for the same reason. Figure 8 compares 
Alternatives 3b, 4b, and 5. Figure 8 and Table 2 show that Alternative 4b has a lower mean NPV and higher 
cost certainty than Alternative 5.  

 
  Figure 8. Comparison of Alternatives 3b, 4b, and 5 

Based solely on this information, Alternative 4b would tend to be preferred because it has the greatest 
probability of being the least expensive. The non-monetary benefit analysis convincingly demonstrated that 
both Alternatives 4a and 4b are preferable to Alternative 5 and all other alternatives. The key differentiators 
between Alternatives 4a and 4b are cost and demand reliability. The decision to move forward with a 
parallel NWTF raw water pipeline does need to be made at this level of planning, but can be made during 
subsequent planning and design phases. Until that decision point is reached, based on outcomes from the 
uncertainty and non-monetary analysis, Alternative 4a or 4b is recommended.  

Sensitivity of the Results 
In terms of sensitivity with respect to future cost uncertainties, the value and uncertainty around Semper’s 
R&R appears to drive the results. Figure 9 illustrates the impact this variable has on the contribution to 
variance of Alternative 2. This alternative was chosen for illustration because it would have the greatest 
exposure to cost uncertainty. Annual R&R accounts for over 90 percent of the variance around the 
estimated NPV of Alternative 2. For Alternative 4, involving decommissioning Semper, R&R is still sufficiently 
high during its remaining years to have a major impact on the variability of NPV, which accounts for nearly 
60 percent of the variability, with uncertainties around new plant construction accounting for most of the 
remaining uncertainties (Figure 10).  

Alt 3b 
Alt 5 

Alt 4b 
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Figure 9. Contribution to Variance, Alternative 2 

 
Figure 10. Contribution to Variance, Alternative 4 
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Capital Improvement Plan 
PREPARED FOR: City of Westminster 

PREPARED BY: CH2M 

DATE: August 5, 2016 

This technical memorandum (TM) was created to provide comparative levels of cost estimates. The projects 
listed in this TM are projects that are recommended should unlimited funding be available. Some projects 
may have already been completed during the Master Plan evaluation period. The projects listed herein will 
be evaluated in conjunction with other projects needed in all areas of the utility. The City of Westminster 
(City) has historically and will continue to use the asset management database to determine the highest 
level of need in the utility as a whole to develop the Capital Improvement Plan (CIP).  

Purpose and Outcomes 
The purpose of this TM is to summarize the proposed projects that comprise Alternative 4b, the preferred 
alternative. The major outcome of this effort is a CIP that presents the Alternative 4b projects in the order in 
which they should be completed and with an estimated cost of each project.  

Introduction 
Alternative 4b is characterized as the alternative that decommissions the Semper Water Treatment Facility 
(Semper), hardens the Northwest Water Treatment Facility (NWTF), and phases in a large (four 14-MGD 
treatment trains) at a treatment facility at a new location to meet the City’ potable water demand reliability 
goals at buildout. The location of the plant is not yet determined; Standley Lake was used as the placeholder 
location for the new plant so that cost estimates could be developed to address finished water piping, etc.  

The projects that comprise this alternative are listed in Table 1. Note that Alternative 4b is identical to 
Alternative 4a with one exception: Alternative 4b does not include the redundant raw water pipeline supply 
from Standley Lake to NWTF. The decision whether to include the redundant pipeline does not have to be 
made at this time; the pipeline is included in the CIP to provide a conservative estimate of the costs 
associated with the Alternative 4a improvements.  

The projects listed in Table 1 are organized by the third column, “Phase.” This column lists the year of 
project completion. Lifecycle projects, such as equipment replacement, are also included in the CIP list in 
order of the year of project completion. 

Project numbering is consistent with the numbering in the Plant Inspection Evaluation TM. The project 
numbers were retained for reference only.  

Some of the projects listed in the Plant Inspection Evaluation TM have already been addressed by the City; 
others were eliminated for various reasons. Table rows without a project number refer to projects from 
the lifecycle model, which is included in the Capital and Lifecycle Cost Appendix in the Westminster 
Master Plan Alternatives – Cost-Benefit Analysis TM.  

The cost columns list the project costs in 2015 dollars as well as the cost escalated to construction year 
dollars. Costs listed included assumptions to determine costs associated with contingency, location 
adjustment, permitting, engineering, services during construction, commissioning and startup, and 
additional non-construction costs. For details about these assumptions, refer to the Westminster Master 
Plan Alternatives – Cost-Benefit Analysis TM. 
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Table 1. Capital Improvement Plan Projects1 

CITY OF WESTMINSTER: SEMPER WTP AND NWTF UPGRADES COST SUMMARY FOR COMPARATIVE PURPOSES 
ALTERNATIVE 4a: RETIRE SEMPER; HARDEN NWTF; PHASE IN LARGE NEW WTP 

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32) 

Project 
Number2 Description 

Phase  
(Year Project is 
Complete and 

Online) 
Alternative Cost 

(2015 Dollars) 

Alternative Cost 
(Escalated to 

Construction Year 
Dollars) 

 Semper HSPS 600HP Pump Replacement 2016 $2,130,000 $2,200,000 

Semper 
Project 4 

Flocculation/Sedimentation, Mechanical 
Flocculation 

2017 Pending 
Challenge Testing 

Pending 
Challenge Testing 

Semper 
Project 7 

Flocculation/Sedimentation, Sludge 
Collection (North Sedimentation Basin) 

2017 $530,000  $560,000  

Semper 
Project 8 

Flocculation/Sedimentation, Sludge Pump 
Vault on South Sedimentation Basin 

2017 $120,000  $130,000  

Semper 
Project 9 

Flocculation/Sedimentation, Sedimentation 
Basin Dewatering Pumps (South Side) 

2017 $140,000  $150,000  

Semper 
Project 10 

Flocculation/Sedimentation, Flow to Each 
Sed Basin isn’t evenly split 

2017 $40,000  $40,000 

Semper 
Project 11a 

Flocculation/Sedimentation, North Side Sed 
Basin Heating, Run and monitor 
performance and ice formation, DO 
NOTHING 

2017 N/A  N/A 

Semper 
Project 11b 

Flocculation/Sedimentation, North Side Sed 
Basin Heating, Air stones could be used to 
prevent ice formation (e.g., at sludge 
collectors) 

2017 N/A  N/A 

Semper 
Project 13a 

Filters, Shallow Media Profile 2017 $2,080,000  $2,200,000 

Semper 
Project 14 

Filters, Vulnerable Filter Effluent Piping 2017 $260,000  $280,000 

Semper 
Project 15 

Filters, Filter Influent Pipe (goes through old 
clearwell) 

2017 N/A  N/A 

Semper 
Project 20a 

Filters, HVAC in Filter Pipe Gallery 2017 N/A N/A 

Semper 
Project 20b 

Filters, Recoat Rusted Gallery Piping 2017 N/A  N/A 

Semper 
Project 21 

Filters, Backwash Lagoon Dewatering Pumps 2017 $370,000  $390,000 

Semper 
Project 22 

Filters, Backwash Lagoon Concrete Repair 2017 $640,000  $680,000 

Semper 
Project 24 

Disinfection, Baffling Upgrades 2017 $30,000  $40,000 

Semper 
Project 26 

Chemical Feed, Lime Silo Storage Not 
Adequate 

2017 $1,080,000 $1,140,000 
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Table 1. Capital Improvement Plan Projects1 

CITY OF WESTMINSTER: SEMPER WTP AND NWTF UPGRADES COST SUMMARY FOR COMPARATIVE PURPOSES 
ALTERNATIVE 4a: RETIRE SEMPER; HARDEN NWTF; PHASE IN LARGE NEW WTP 

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32) 

Project 
Number2 Description 

Phase  
(Year Project is 
Complete and 

Online) 
Alternative Cost 

(2015 Dollars) 

Alternative Cost 
(Escalated to 

Construction Year 
Dollars) 

Semper 
Project 27 

Chemical Feed, Sodium Hydroxide Feed 2017 $150,000  $160,000 

Semper 
Project 29 

I&C, Pump Station Radio Link 2017 $120,000  $120,000 

Semper 
Project 30 

Electrical, Old MCCs 2017 $290,000  $310,000 

Semper 
Project 31 

Electrical, MCC wiring to equipment, Wiring 
from the MCCs to the process equipment 

2017 $70,000  $70,000 

Semper 
Project 36 

Rapid Mixing Improvements 2017 $10,000  $10,000 

NW  
Project 1 

Flocculation/Sedimentation, Rapid Mix Box 2017 $120,000  $120,000  

NW  
Project 2 

Flocculation/Sedimentation, Water level 
transducers at flocculation and 
sedimentation basins – regulates sleeve 
valve 

2017 $10,000  $10,000  

NW  
Project 3 

Membrane Filters, Air Compressor 2017 $140,000  $140,000  

NW  
Project 4 

Membrane Filters, Refrigerated Dryer 2017 $20,000  $20,000  

NW  
Project 5 

Chemical Feed, Ferric/ACH (Replace 
coagulant feed pumps and tank level 
sensors) 

2017 $110,000  $120,000  

NW  
Project 6a 

Chemical Feed, Replace Resin Coating in 
Storage Tanks 

2017 $50,000  $60,000  

NW  
Project 6b 

Chemical Feed, Additional Chemical Pump 
and Tank Level Sensor Replacements 

2017 $220,000  $230,000  

NW  
Project 7 

Chemical Feed, Ammonia 2017 $110,000  $110,000  

NW  
Project 8 

Chemical Feed, Caustic 2017 $320,000  $340,000  

NW  
Project 9 

Chemical Feed, Floor Drains 2017 $10,000  $10,000  

NW  
Project 10 

Clearwell, Backup for Clearwell Radar Unit 2017 $20,000  $20,000  

NW  
Project 12 

Electrical, Arc Flash Study 2017 $160,000  $170,000  
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Table 1. Capital Improvement Plan Projects1 

CITY OF WESTMINSTER: SEMPER WTP AND NWTF UPGRADES COST SUMMARY FOR COMPARATIVE PURPOSES 
ALTERNATIVE 4a: RETIRE SEMPER; HARDEN NWTF; PHASE IN LARGE NEW WTP 

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32) 

Project 
Number2 Description 

Phase  
(Year Project is 
Complete and 

Online) 
Alternative Cost 

(2015 Dollars) 

Alternative Cost 
(Escalated to 

Construction Year 
Dollars) 

NW  
Project 13 

HVAC, Ventilated Cooling 2017 $10,000  $20,000  

 NWTF Clearwell Recoating 2020 $320,000 $370,000 

 Membrane Replacement 2024 $500,000 $650,000 

Semper 
Project 11c 

Flocculation/Sedimentation, North Side Sed 
Basin Heating, Insulate building only and 
monitor 

2025 $190,000  $250,000 

Semper 
Project 11d 

Flocculation/Sedimentation, North Side Sed 
Basin Heating, Unit heater installation to 
heat building space in winter 

2025 $30,000  $40,000 

Semper 
Projects 
12a, 18, 
and 19, 

Filters, Small Surface Area Filters (leads to a 
large number of units potentially making 
backwash the capacity limiting component) 

2025 N/A N/A 

NW  
Project 11a 

Clearwell, serpentine pipe for CT backup 2025 $1,510,000  $2,030,000  

NW  
Project 11b 

Clearwell, Recoat Tank 2025 $1,200,000  $1,620,000  

NW  
Project 14 

Flocculation/Sedimentation, Add 
Flocculation/ Sedimentation 

2025 $9,350,000  $12,560,000  

NW  
Project 151 

New Raw Water Pipeline for NWTF 2025 $15,620,000  $21,000,000  

New Plant 
1 

New Standley Lake WTP (Phase 1 - 1x14 mgd 
train in 2025) 

2025 $52,600,000  

 

$70,690,000  

 

New Plant 
2  

Two New Finished Water Pipelines from 
Standley Lake WTP3 to Semper 
Clearwell/Pump Station 

2025 $51,030,000  $68,570,000  

 Semper HSPS 450HP Pump Replacement 2027 $1,030,000 $1,470,000 

 NWTF Clearwell Recoating 

Semper HSPS 600HP Pump Replacement 

Membrane Replacement 

2034 $320,000 

$2,130,000 

$500,000 

$560,000 

$3,740,000 

$880,000 

New Plant 
1 

New WTP (Phase 2 - 3x14 mgd train in 2040) 2040 $113,250,000 $237,110,000  

Semper 
Project 37 

Solids Handling Upgrades 2040 N/A  N/A 

 NWTF Clearwell Recoating 2041 $320,000 $690,000 
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Table 1. Capital Improvement Plan Projects1 

CITY OF WESTMINSTER: SEMPER WTP AND NWTF UPGRADES COST SUMMARY FOR COMPARATIVE PURPOSES 
ALTERNATIVE 4a: RETIRE SEMPER; HARDEN NWTF; PHASE IN LARGE NEW WTP 

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32) 

Project 
Number2 Description 

Phase  
(Year Project is 
Complete and 

Online) 
Alternative Cost 

(2015 Dollars) 

Alternative Cost 
(Escalated to 

Construction Year 
Dollars) 

 Membrane Replacement 2044 $500,000 $1,180,000 

 Semper HSPS 450HP Pump Replacement 2045 $1,030,000 $2,500,000 

 NWTF Clearwell Recoating 2048 $320,000 $850,000 

 Semper Clearwell Replacement 

NWTF Clearwell Replacement 

2051 $10,200,000 

$4,250,000 

$29,560,000 

$12,320,000 

 NWTF Raw Water Pipeline Replacement  
(Existing only) 

Semper HSPS 600HP Pump Replacement 

2052 $15,620,000 
 

$2,130,000 

$46,640,000  
 

$6,360,000 

 Membrane Replacement 2054 $500,000 $1,580,000 

 NWTF Clearwell Recoating 2058 $320,000 $1,150,000 

 Semper HSPS 450HP Pump Replacement 2063 $1,030,000 $4,260,000 

 NWTF Membrane Replacement 2064 $500,000 $2,130,000 

Semper 
Project 3 

Raw Water, Water Quality (e.g., fire in 
watershed), NO PROJECT. Already in 
progress by Westminster. 

N/A   

Semper 
Project 5 

Flocculation/Sedimentation Corrosion on 
Exposed Areas of Settling Plates. This project 
is already in progress and there will be no 
additional cost. 

N/A   

Semper 
Project 6 

Flocculation/Sedimentation, Corrosion on 
Structural Beams Supporting Plates. 

N/A   

Semper 
Project 16 

Filter Backwash. N/A   

Semper 
Project 17 

Filter 8 is “Dead Filter” due to influence on 
combined effluent turbidity sampling, NOT 
RECOMMENDED. 

N/A   

Semper 
Project 18 

Add filter air scour. This project is part of 
deep bed filter project. THIS PROJECT IS 
INCLUDED IN PROJECT 12. 

N/A   

Semper 
Project 19 

Filters, Add filter-to-waste. THIS PROJECT IS 
INCLUDED IN PROJECT 12. 

N/A   

Semper 
Project 23 

Disinfection, Add UV Disinfection (as 
originally planned). 

N/A   

Semper 
Project 25 

Chemical Feed, Chemical Storage and 
Metering, NO PROJECT FOR NOW. 

N/A   
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Table 1. Capital Improvement Plan Projects1 

CITY OF WESTMINSTER: SEMPER WTP AND NWTF UPGRADES COST SUMMARY FOR COMPARATIVE PURPOSES 
ALTERNATIVE 4a: RETIRE SEMPER; HARDEN NWTF; PHASE IN LARGE NEW WTP 

(This estimate was prepared in October 2015, ENR CCI 20 City Average = 10128.32) 

Project 
Number2 Description 

Phase  
(Year Project is 
Complete and 

Online) 
Alternative Cost 

(2015 Dollars) 

Alternative Cost 
(Escalated to 

Construction Year 
Dollars) 

Semper 
Project 28 

I&C, Raw Water Vault Flowmeters, NO 
PROJECT, NO TAB NEEDED. 

N/A   

Semper 
Projects 32 
and 35 

Electrical, Empty pump bay at High Service 
Pump Station. 

N/A   

Semper 
Project 33 

Electrical, Utility Transformer Redundancy, 
Provide an additional 2400 V transformer as 
a spare, but do not install it. Equipment 
purchase only. 

N/A   

Semper 
Project 34 

Electrical, Corroded Electrical Boxes. No 
project for now. 

N/A   

Semper 
Project 35 

High Service Pump Station, New 400 HP 
Pump, INCLUDED IN PROJECT 32. 

N/A   

NW Project 
R&R 

Raw Water, Raw Water Flow Meter, 
Pressure Transducer & Sleeve Valve. 

N/A   

NW Project 
R&R 

Membrane Filters, Clean In Place procedure. N/A   

NW Project 
R&R 

Chemical Feed, Potassium Permanganate. N/A   

NW Project 
YY 

Electrical, Electrical System Reliability 
Improvements - NO PROJECT. 

N/A   

NW Project 
XX 

I&C, Instrumentation, Replace pressure 
transducers for air system citric acid tank 
and temperature sensors - NO PROJECT. 

N/A   

Semper 
Project 1 

Raw Water, Standley Lake Outlet Box, NO 
PROJECT. 

Out of scope   

Semper 
Project 2 

Raw Water, Raw Water Conveyance. N/A   

 TOTAL COSTS  $295,660,000  --- 

1The only difference between the preferred alternative (4b) and Alternative 4a is the parallel pipeline at NWTF. The cost for the 
pipeline is retained here as a conservative placeholder in case the City wants to upgrade for increased redundancy. This table 
reflects the CIP projects for Alternative 4a. 
2Projects with no project number refer to projects from the lifecycle mode. 
3Location of the new plant not yet determined. Standley Lake is used as a reasonable placeholder for costing.  

Notes: 

Costs are rounded to the nearest ten-thousand dollars. 

Infrastructure salvage value realized in 2065 is not included here. 


